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ESTIMATION OF FAST NEUTRON DOSES IN MAN BY 
S*(n,p)P* REACTION IN BODY HAIR* 


D. F. PETERSEN, V. E. MITCHELL and W. H. LANGHAM 
Los Alamos Scientific Laboratory, University of California, Los Alamos, New Mexico 


(Received 3 January 1961 


Abstract—The high sulfur content of human hair was utilized to estimate incident fast neutron 
dose by measuring beta activity arising from the S**(n, p)P®* reaction. Analysis of a large 
number of hair samples demonstrated that regardless of variation in color, consistency, and dis- 
tribution, the chemical composition was remarkably constant. The sulfur content was 47.7 

5.5 mg/g, and phosphorus content was 0.155 + 0.042 mg/g of hair. Since the activation 
cross-sections of sulfur and phosphorus are essentially the same, virtually all P®* activity present 
in the hair sample was derived from fast neutron capture by sulfur. Experiments using 
the well defined fission spectrum of Godiva, an unshielded critical assembly, indicated that 
total neutron doses could be consistently estimated within +10 per cent and that the orientation 
of samples on a plastic mannequin could be deduced by their relative specific activities. The 
lower limit of sensitivity of the method is approximately 5 rads of neutrons with energies in 


excess of 2.5 MeV using 1.0-g hair samples. 


INTRODUCTION 
DesPITE advances in physical dosimetry, acci- 
dents involving serious exposure to neutrons 


have consistently occurred in the absence of 


adequate physical dosimetry systems. In the 
earliest reported cases of HEMPELMANN and his 
associates,") neutron dose estimates were based 
on blood sodium activation. Subsequent inci- 
dents have similarly relied on activation mea- 
surements conducted on biological material. 
These procedures have been recently reviewed 
by Hurst and Rircure®). In the most recent 
fatal nuclear-critical accident at the Los Alamos 
Scientific Laboratory, blood sodium activation 
provided an early indication of the magnitude 
of the dose,‘ additional 
indicator of neutron dose was also investigated 


and an biological 


which, together with additional studies on 


improved analytical methods, forms the basis 
for this report. Preliminary data obtained by 
this method were recently reported by Harris™), 
In view of the high sulfur content of hair, it 
was reasoned that after suitable chemical 
* Work performed under the auspices of the U.S. 
Atomic Energy Commission. 


isolation, the P** beta activity arising from 
neutron capture by sulfur in the S%*(n,p) P®? 
reaction could be determined and the exposure 
to neutrons with energies in excess of 2.5 MeV 
computed. 


MATERIALS AND METHODS 

Hair, nails and cartilage occurring near the surface 
of the body all possess sufficient sulfur to be useful for 
incident fast neutron dose estimates. However, of 
these tissues hair is the only one readily available in 
sufficient quantity to permit prompt post-exposure 
analysis and has been used exclusively in these 
experiments. 

Individual hair samples obtained from local barber 
shops and from the obstetrical and surgical services of 
the Los Alamos Medical Center were washed, sealed in 
polyethylene envelopes, and appropriately positioned 
on a plastic mannequin filled with tissue-equivalent 
solution. With the exception of two experiments 
conducted during the Kiwi reactor test series at the 
Nevada Test Site, all samples were exposed to the 
fission spectrum of Godiva, an unshielded Los 
Alamos critical assembly. 

Following recovery, samples of approximately | g 
were accurately weighed and digested in 10 ml of a 
mixture of equal volumes of concentrated nitric and 
were carried out in 


perchloric acids. Digestions 


FAS] 


125-ml Erlenmeyer flasks with ampoule bulb con- 
densers. Heat was applied gradually to maintain the 
nitric phase of digestion for from 20 to 30 min, after 
190°C for an addi- 


tional 14 to 2 hr. After digestion, the flasks were cooled, 


which the flasks were heated to 


diluted with 15 ml of water, and brought to boiling 
for from 3 to Chey then diluted to 
approximately 50 ml with water and adjusted to pH 
1 N ammonium hydroxide and | N HCl 
indicator. 


9 min. were 
3.5 with 


using bromphenol blue as an internal 


This pH adjustment was found to be critical for 


quantitative precipitation of phosphomolybdate. 


Two milligrams of carrier phosphate were added, and 
the P®? was precipitated by the addition of 25 ml of 
5.5 per cent ammonium molybdate and 25 ml of 6 N 
nitric acid. The solution was then heated to approxi- 
80°C for 5 min, allowed to cool, and after 


} hr was filtered on a disk of Whatman no. 


mately 
standing 
12 paper. The precipitate was washed with a small 


volume of 2 per cent nitric acid, sucked dry, and 


mounted on a I} in. stainless steel planchet and 
covered with 0.5-mil Mylar. Analysis of the samples 
for sulfur and phosphorus was conducted on measured 
aliquots of the digest prior to dilution. Sulfur was 
measured colorimetrically with barium chloranilate 
by the method of Lysyj and ZAremBo™), Phosphorus 
method of FIskt SuB- 


was determined by the and 


BAROW'”? 

Throughout these studies, we have attempted to 
simplify the method as much as possible using readily 
available laboratory equipment. However, the very 
low activities resulting from exposure to small doses 
of neutrons r¢ quired inordinately long counting times 
with conventional equipment, and a sensitive low- 
background plastic scintillation counter was used to 


check the 


Ge iger tube 


results obtained with a thin window 


1.6 mg/cm?) of 29.9 per cent efficiency. 
total 
[he precipitates 


Dose estimates agreed quite favorably for 
neutron doses in excess of 20 rads. 
were counted for 30 min or to 10,000 counts. Counts 
were also determined at several subsequent intervals 
to establish the identity of the radioactive material in 
A typical decay curve for P*®? was 
The 
corrected for counter efficiency and physical decay 


The 


incident flux of sulfur-level neutrons was computed 


the sample. 


obtained on each occasion. f-counts were 


and expressed as dis/minperg at T = 0. 


from the following equation: 
A-W 
ao-s:N-3 


in which F = fast neutron flux detected by sulfur 


9 
n/cm? 
activity/g of hair (dis/min per g at 


‘2 0 
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atomic weight of sulfur (32 g); 
activation cross-section of sulfur (225 
10-2? cm?/atom 
sulfur content/g of hair; 
N = Avogadro’s number (6.02 1073 
atoms) ; 
2 = decay constant (3.67 10-5/min). 
Flux to dose conversion for neutrons of energies in 


2.5 MeV equals 3.83 x 10~* rads/n per 


excess of 
cm2, (2) 
RESULTS 

Application of this method for estimation of 
the neutron dose sustained by an accident 
victim requires some information concerning 
energy distribution, since only the flux of 
neutrons above the sulfur threshold is derived 
from the computation. For the Godiva spec- 
trum, which has been well defined,‘” neutrons 
above the sulfur threshold comprise approxi- 
mately 30 per cent of the neutron dose, and it 
was therefore possible to compute total neutron 
However, in the Kiwi reactor experi- 
ments, only fast neutron doses were calculated 
and compared with sulfur threshold detector 
data from pellets positioned at comparable 
distances from the device.‘® 

In an attempt to simplify the procedure 
further, a large number of sulfur and phos- 


doses. 


phorus analyses were performed to establish 
whether the sulfur of human hair 
varied sufficiently between individuals and with 
body distribution to necessitate separate ele- 
Phos- 


content 


mental analysis of exposed samples. 
phorus measurements were required to assess 
the potential contribution of thermal neutron 
activation of stable phosphorus because of the 
similarity of the activation cross-sections of 
sulfur and phosphorus. 

Results shown in Table | indicate that the 
sulfur content of human hair is remarkably 
constant, regardless of color or body distribu- 
tion. Phosphorus content was somewhat more 
variable, presumably due to contamination of 
the samples with epidermal debris. Washing 
materially reduced the phosphorus content in 


comparison with some early samples, which 


were not washed prior to analysis. However, no 
instances were observed in which phosphorus 
exceeded | per cent of the sulfur content and it 
was concluded that except in situations of 
extreme spectrum degradation, phosphorus 


PETERSEN, V. E. 
Table 1. 


No. samples 


Distribution 
analyzed 


Head 64 47. 
Pubis 68 47.: 


All samples (head, 
chest, abdomen, 
pubis, legs 168 

activation could be disregarded as a significant 

source of beta activity. 

A smaller series of samples was taken simul- 
taneously from various anatomical locations of 
the same individual. Analytical results shown 
in Table 2 emphasize the constancy of chemical 
composition and support the idea that dose 
distribution can be determined by separate 
analysis of samples from various anatomical 
locations. 

Data summarized in Table 3 compare total 
neutron doses computed from hair /-activity 
with estimates based on data obtained from 
B'-clad Pu*3®, Np?37, U38 and S** threshold 
detectors, Hurst proportional counter, tissue- 
equivalent and graphite-CO, ionization cham- 
bers, and a calibrated fission counter.'?!® For 
this series of analyses, agreement was within 

10 per cent of physical referee dosimetry. 

Results of experiments in which samples were 
exposed during operation of the Kiwi reactors 
are shown in Table 4. Part of the samples were 
heavily contaminated with local fallout asso- 


ciated with operation of the reactor. However, 


Table 2. Sulphur and phosphorus content of samples from 


various anatomical locations 


Sulfur P/S 


mg/g 


I bie phosphorus 
,ocation 


mg/g 


0.162 
0.143 
0.185 
0.158 
0.194 
0.153 
0.129 


Head 
Beard 
Chest 
Abdomen 
Pubis 
Leg 

Arm 
0.161 


Mean 0.026 


MITCHELL 


Sulfur 
mg/g 
mean 


and W. H. LANGHAM 


Sulfur and phosphorus content of human hair 


Phosphorus 
mg/g 
s.d. mean -+ s.d. 


0.155 + 0.042 
0.251 + 0.065 


Table 3. Comparison of total neutron dose estimates based on 
hair sulfur activation measurements with other physical 


dosimetry 


Referee dosi- 


metry* total 


Per cent of 


Sample | Hair analysis 


estimated 


number | total rad dose 


rad dose dose 


26 
165 
165 
29 
1] 
311 
526 
404 
190 
190 
QO 


) 
) 
30 


20 
0 
120 


* First collision tissue dose. 


Table 4. 
hai 


mannequins exposed to neutron fluxes from tl} 


Comparison oj 


j ] 
sulfur activation and sulfur thre 


Sulfur threshold 


Hair analysis 
detectors rads fast 


Sample 


number rads fast neutrons 


neutrons 
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Dose distribution and orientation deduced from phosphorus-32 activity of irradiated hair 


Position 


Sample number 


\ctual Dec 


Pelvic posterior Pelvic 


Pelvic lateral Pelvic 


Pelvic lateral Pelvic 
Pelvic 


He 
He 


Pelvic 
Head 
Head 


Facing 


anterior 
ad 
ad 
Head 
Head 
Chest 
Chest 
Pubis 


Axilla 


Facing 
Facing 
Facing 
Facing 


Facing 


the fast 


neutron dose agreed favorably with the threshold 


in each instance, calculation of 


These results indicate the high 
of the 
contamination 


detector data. 


degree of specificity method and in- 


sensitivity to gross with other 
activated products. ‘Thus, immediate analysis 
of be 
interference from short-lived emitters. 

Table 5 the of of 
experiments in which the possibility of determin- 


Hair 


samples were placed at 90° intervals around the 


P82 f-activity can performed without 


shows results a series 


ing dose distribution was investigated. 


pelvis and on the head, or head, chest and 


pubis. After exposure, the analyst was required 


to position each sample as well as estimate the 


dose. The data demonstrate that accurate 180 


positioning, as well as acceptable dose estimates, 


were achieved. However, small differences in 


position in essentially homogeneous radiation 


fields could not be discerned other than to 


orient the mannequin in a position facing the 
assembly. Similar data from hair and xyphoid 
the 
Alamos nuclear-critical accident were useful in 


cartilage measurements from recent Los 


determining the asymmetry of the fatally ir- 
radiated victim’s exposure. While the head and 
chest received total neutron doses of approxi- 
mately 2500 to 3000 rads, the pelvis due to 


moderation received a much smaller dose. 


Total incident dose (rads) * 


Hair activation physical dosimetry 
ucec , " 
posterior 
lateral 
lateral 
anterior 


assembly 
assembly 
assembly 
assembly 
assembly 


assembly 


DISCUSSION 

Although these measurements are subject to 
greater uncertainties than the referee dosimetry, 
agreement was sufficient to provide a_ useful 
estimate of neutron dose with a defined spec- 
trum. The largest discrepancies tended to occur 
with very low doses, but the method appears to 
be reliable for exposures which, in terms of total 
radiation, would cover a range from sublethal 
to supralethal doses. Moreover, information 
obtained after larger doses would be valuable 
for rapidly assessing the severity of exposure and 
lend support to our earlier conclusions® based 
on hair sulfur activation analysis in the Los 
Alamos nuclear-critical accident. The relatively 
constant sulfur content of hair indicates that an 
be for direct 
sulfur analysis, materially shortening the pro- 


average value may substituted 
cedure without appreciably affecting the result. 

It should be emphasized that in instances 
essentially total 


sustained, this method offers no advantage over 


where body exposures are 
blood sodium activation unless the question of 
However, sodium activation 
yields average values due to mixing which, 


orientation arises. 


under conditions of partial body shielding or 
gross asymmetry of the radiation field, are of 
little biological significance. Under these con- 
ditions, the fixed anatomical location of hair 


D. F. PETERSEN, V. E. 


offers the distinct advantage of providing a 


relative estimate of dose distribution. 
The simplicity of the analytical method, the 


relatively small sample required, and the ready 
availability of hair suggest this procedure as an 
for use in 


additional biological 


determination of first approximations of the 


parameter 


neutron dose sustained by potential nuclear- 


critical accident victims. 
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Abstract 


Data are presented on the absorption of Zn®™ under various conditions, on its distri- 


bution and retention following a single administration, and on its buildup in tissues during 
chronic feeding. Highest concentrations of Zn® were observed in hair, bone and prostate, the 
three tissues which did not attain steady-state levels of Zn® during extended periods of Zn® 
feeding. Accumulation in the total body appears to be the critical consideration, however, due 
to the greater absorption of the decay energy in the larger organism and the lower permissible 


dose rate recommended for total body irradiation. Special consideration may need be given 
to the very young, in view of the ready transfer of Zn® across the placenta and the enhanced 


intestinal absorption during the first few weeks 


FROM a Zn® is a 


particularly interesting radioisotope. Although 


number of standpoints, 


not a product of uranium or plutonium fission, 
it is a widely distributed biospheric contaminant, 


produced most commonly from the reaction of 


neutrons on stable Zn®™. Zinc-65 is a prominent 
component of the internal contamination of the 
Marshallese people who were exposed to the 
close-in fallout following explosion of a thermo- 


nuclear device at Bikini in 1954. Its world- 


wide distribution in fallout may be inferred 


from its demonstrated presence in a variety of 


foodstuffs.“ Its presence in cyclotron workers 


is attributed to its production by reaction of 


deuterons with the copper of the cyclotron 
4) Zinc-65 in the 


from Hanford plutonium production reactors is 


dees. efHuent cooling wate1 


specifically implicated in the detection of this 
in people who drink Columbia 


radioisotope in 


river water downstream from the reactors, or 


subsist on foodstuffs land 


irrigated with this water. 


who STOWNn ON 


Zn® exhibits rather 
unusual behavior, decaying predominantly by 


In its radioactive decay 


) 


orbital electron capture, with better than 98 


per cent of its energy release in 


se 


$5-1)-1350 


Commission and the General 


* Work performed under Contract No. AT 
between the Atomic Energ' 


Electric Company. 


the form of 


of life. 
The 


remaining energy is released in the form of 
(6) 


penetrating electromagnetic radiation. 
positrons, Auger electrons and weak X-rays. 
The relatively long half-life of this radioisotope, 
245 days, coupled with its ready utilization in 
see VALLEE'’) for a recent 
combine to make 
future hazard 


biological systems 
review of zinc metabolism 
this an isotope of potential 
concern. 

It was our particular purpose in the present 
study to investigate the long term retention of 
Zn®, 


sible dose for internal radiation by the Inter- 


The 1954 recommendations on permis- 


national Commission on Radiological Protection 
ICRP 
half-life for zinc, in bone, of 23 days.'®) Sub- 
sequent studies by GILBERT TAyLor"), 
and by Patmer"™®, who detected Zn® in the 
bones of rats fed efluent cooling water from the 
Hanford much more 
tenacious retention of zinc in bone. Results of 
the present investigation, together with studies 


were based on an assumed biological 


and 


reactors, indicated a 


of inert zinc in man," and whole-body-counter 
data on Zn® retention in (12,13) clearly 
demonstrate the long term retention of zinc. 
Che most recent ICRP recommendations are 
based on biological half-lives of the order of 
1000-2000 days for total body, bone and 
(11) 


man, 


muscle. 
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Table 1. Effect of carrier zinc on the gastrointestinal absorption of Zn®™Cl, 


(Retention 24 hr post feeding, per cent of dose 


Tissue 


0.002 
0.008 
0.03 


0.082 
0.057 
0.18 
0.12 
0.053 
0.93 


Pancreas 
Spleen 
Kidney 
Muscle 0.01 
Femur 0.012 
Liver B +- 0.2 


METHODS 

The rats employed in these studies were of the 
Sprague-Dawley strain and were maintained on 
Purina Laboratory Chow with free access to food and 
water. The radioisotope was obtained from Oak 
Ridge as Zn®Cl, in HCl solution. 


activity was in the range 0.4—0.7 c/g. 


The specific 

Tissue and 
organ samples were analyzed for Zn® content in a 
well-type gamma scintillation counter with a three 
inch sodium iodide crystal. 


EXPERIMENTS AND RESULTS 
Single dose gastrointestinal absorption studies 
Effect of specific activity of Zn®°. Twelve female rats 
were fed by gavage, 7 uc Zn®Cl, and amounts of 
chloride 0, 1, 10 100 the 
estimated daily zinc intake of 500 wg. Animals were 


stable zinc and times 
sacrificed and assayed for Zn® content 24 hr after 
Averaged results from the three animals in 


Table 1. Zinc-65 


absorption was only moderately influenced by sub- 


feeding. 


each group are summarized in 


stantial increases in zinc intake. This is not to say that 
the turnover of zinc might not be influenced by 
continued feeding of these high levels of zinc ingestion. 
Judging from these results, the very small amounts of 


Table 2 


s.d. 


Carrier added (mg) 


0.053 
0.025 
0.083 
0.062 
0.028 
0.47 


0.019 
0.019 
0.05 
0.01 
0.014 
0.26 


0.001 
0.006 
0.015 
0.005 
0.005 
0.19 


0.04 
0.005 
0.013 
0.009 
0.006 
0.10 


zinc administered in other experiments reported here 
would not be expected to have influenced the absorp- 
tion and distribution of the radioisotope. ‘Toxic 
effects would not be expected at any of the zinc levels 
employed in these studies, since only slight toxicity 
has been demonstrated in rats fed diets containing as 
much as 0.5 per cent zinc carbonate.) 

Effect of form of administered Zn®™. Since Zn® is 
normally ingested by man in combined form in food 
the effect the 
absorbability of the radioisotope is of obvious interest. 
In Table 2 
Zn® following gavage of: (a 
Zn®©Cl,, (b) a 
leaves from plants grown in a medium containing 
Zn®, (¢ 


rat injected intramuscularly with Zn®, and (d 


materials, of such combination on 


values are shown for the absorption of 
a pH 2 


homogenized suspension of 


solution of 


bean 


a homogenized suspension of liver from a 
and 
e) suspensions of homogenized bean leaf or liver 
spiked with Zn®Cl, solution. The rats were pre- 


conditioned to daily gavage of solutions of bean leaves 


or liver for 2 weeks prior to isotope administration, 
and were sacrificed 24 hr after a single feeding of 2 ml 
of the solutions containing approximately 1 yc of 


Va 


absorption of the Zn® from the various solutions, 


Ihere were no clearly significant differences in 


The gastrointestinal absorption of Zn® associated with plant and animal materials 


Retention 24 hr post feeding 


No. of 
animals 


Solution Zn®™Cl,, pH 2 

Bean leaf grown in Zn® medium 
Liver from Zn® injected rat 
Bean leaf spiked with Zn®Cl, 
Liver spiked with Zn®Cl, 


Per cent of dose s.d. 


Carcass Total 


METABOLISM OF 


ZINC-65 IN 


THE RAT 


Total Rat 


Liver 


Femur 


Percent of Dose Retained 2 


Total Absorption in Adults 


14 


19 
Age When Zn®5 was Administered (Days) 


Fic. 1. Effect of age on gastrointestinal absorption of Zn®. 


Table 
Ave. 


Effect of age on the distribution of gavage fed Zn®™ 


s.d. 


Per cent of retained dose 24 hr post feeding 


Kidney 


Brain 


1.5 


a 
4 
I 


oad 


although there was a consistent trend toward 


| liver. 


increase¢ absorption in the presence ol 


Effect of age In Fig. 1, the 24-hr 


gavage fed Zn®™Cl, is shown to be markedly enhanced 


retention of 


in rats of pre-weaning agé \fter weaning, at 21 days, 


absorption dropped abruptly to the adult level. 
Similar enhanced absorption has been observed in 
young rats fed other radioisotopes.“ Distri- 


retained Zn Table 3, 


groups. The maximum differ- 


very 


bution of the , shown in was 


similar between ag 


Carcass 


Liver Femur 


residue 
0.48 0.01 ; ; 46 8 
2.0 0. 4 1 4 4449 
1.8 0.2 55 + 4 
1.4 0. ; 0 + 14 
1.6 0. . : 18 
1.0 0.! 2 é + |] 


ences in distribution were usually found between the 


two extremes of age studied. 


Distribution and retention of Zn® following single intra- 
venous administration 

Zinc-65 retention and distribution was determined 
in mature female rats for a period of 300 days 
following intravenous injection. The animals received 
5 we of Zn®Cl, in a pH 2 solution and were sa rificed 


in groups of four at intervals after injection. Values for 


Time after 
injection 
Avg. wt. at 
sacrifice (g) 


Tissue 


Kidney 
Heart 
Spleen 
Pancreas 
Lung 

Fat 
Femur 
Brain 
Muscle 
Liver 
Ovaries 
Blood 
Pelt 

G.I. tract 
Total animal 


Fic. 2. 
curves for 


(where 


standard 
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Table 4. Retention and distribution of Zn® following intravenous injection 


4.0 
0.71 
1.95 
4.60 
0.76 
0.097 
0.56 
0.095 
0.12 
4.8 
2.36 
0.34 
0.18 
0.81 
0.39 


Resolution of 


femur and 


deviation 


3 hr 


211 


3.46 
0.80 
1.88 
4.84 
0.92 
0.09: 
0.61 

0.11 

0.14 


retention 
total rat 


not 


indicated, pooled samples were 


analyzed). 


6 hr 


230 


0.095 


0.64 
0.10 
0.16 
2.91 
1.56 
0.16 
0.24 
1.0 

0.42 


PER CENT OF DOSE PER GRAM 


1 day 


15 


10 days 


211 


20 days 


220 


64 days 


228 


Tissue zinc-65 concentration 


per cent of injected dose per g) 


1.58 
0.84 
1.38 
1.59 
0.93 


0.092 


0.56 
0.16 
0.19 
1.88 
ah 
0.17 
0.20 
1.20 
0.36 


0.23 
0.19 
0.21 
0.28 
0.19 
0.040 
0.64 
0.16 
0.14 
0.34 
0.17 
0.069 
0.16 
0.14 
0.18 


0.15 
0.12 
0.13 
0.18 
0.11 
0.014 
0.50 
0.14 
0.11 
0.22 
0.12 
0.050 
0.15 
0.10 
0.15 


0.046 
0.042 
0.034 
0.031 
0.035 
0.0039 
0.42 
0.040 
0.038 
0.048 
0.047 
0.022 
0.11 
0.023 
0.068 


100 days 


213 


0.015 
0.011 
0.013 
0.012 
0.012 
0.0013 
0.38 
0.014 
0.014 
0.021 
0.016 
0.0038 
0.094 
0.008 
0.053 


202 days 


246 


0.0027 
0.0040 
0.0053 
0.0035 
0.0028 
0.00028 
0.28 
0.0025 
0.0023 
0.0030 
0.011 


0.034 


0.026 


300 days 


225 


0.012 


0.019 


! 


T, = 250d 


Total Rat 


100 


150 


DAYS POST ADMINISTRATION 


) 


retention of the radioisotope, shown in Table 4, are Retention curves for femur and total rat, Fig. 2, 


corrected for physical decay. Zinc-65 was measurable — and for liver, Fig. 3, are shown resolved into exponen- 


in only femur, pelt and carcass residue at the 300-day tial components. Retention in most tissues could not 


interval. be adequately described by a single exponential 


METABOLISM OF 


ZINC-65 IN 


THE RAT 


PER CENT OF DOSE PER GRAM 


100 150 


200 250 


DAYS POST ADMINISTRATION 


Fic. 3. Resolution of 


function nor was expre SS1IOn aS a power func tion of 


time applicable. Exceptions were muscle and femur 


for which the retention data are reasonably well 


represented by a single exponential. The retention 
curve for liver illustrates the high initial uptake and 
rapid loss of Zn® which was typical of the visceral 
organs studied. 


Che biological half-life of Zn® in the various organ 


or tissue components, and the fraction of the total 


organ or tissue Zn® represented by each component, 
Table 5. 


with a biological half-life of 30 days or less appear to 


are shown for several tissues in Components 
account for the bulk of the deposited radioisotope. 
Sone and pelt were the only tissues analyzed that 
retained Zn® with an appreciably longer half-life. 
Retention in pelt was not a smooth function of time 
and was apparently determined largely by the hair 
growth cycle. 

The data of Table 4 


rates of Table 5 invite comparison with results of a 


and the derived turnover 


somewhat similar study in the rat reported by 
WaAKELEY et al.8), 


rather 


[hese workers administered Zn®™ 


intraperitoneally than intravenously and 


retention curve for liver 


standard deviation indicated). 


followed the retention of the radioisotope for only 42 
days. Allowing for the probable effects of injection 
route, their data on Zn® retention are in reasonable 
agreement with those obtained in the present study. 
Because of the relatively short retention period 
studied, their conclusions with regard to the lability of 
zinc in bone would appear from the present study to 
be erroneous. The biological half life of 15.35 days, 
quoted by WaKELEy et al., for Zn® in bone hinged 
very largely on the value of one experimental point at 
+2 days post-injection. Their further conclusion that 
the prostate would receive a substantially larger 
radiation dose from deposited Zn® than would bone 
is not valid if the half-life of Zn® in bone is as long as 
is indicated in the present study. Indeed, our studies 
of the buildup of Zn® during chronic feeding (Table 
7) indicate an ultimately greater accumulation of 
Zn® in bone than in prostate. 


Chronic feeding studies 

Excretion of Zn® during and following chronic feeding. 
Zinc-65 was administered for 200 days to female rats 
fed pH 2 drinking water containing 0.05 wc Zn® per 
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Table 5. Retention of Zinc-65 in the rat following intravenous administration 
Retention equation* 


Q,{A exp [ —(0.693t/T,)] 


Tissue 


Blood 
Kidney 
Pancreas 
Spleen 
Muscle 
Liver 0.87 
Ovaries 0.88 
Femur 
Total rat 0.43 
* Symbols are defined as follows: 
Q concentration of Zn® in tissue at time ¢ (in 
administered dose per g). 
Qo concentration of Zn® in 
administered dose per g 


tissue at zero 


fractions of Qy present at zero time in components of biological half-life T,, T,, T, 


ml. Results of analyses on excreta collected during 
and following the period of ingestion are shown in 
Fig. 4. 
Zn® intake and output was achieved after 200 days 
feeding, the observed ratio between urinary and fecal 
excretion would indicate that something slightly less 
than 2 per cent of the ingested isotope was being 
absorbed and excreted via the urine. Approximately 


thirty times as much zinc is excreted via the feces, 


Assuming that an essential balance between 


however, as indicated by the constant ratio of urinary 
7n® of 7n* 


Chis would indicate a total absorption of 


to fecal attained after feeding was 
stopped. 
approximately half of the ingested isotope. 

Such an estimate is a very uncertain one, however, 
due to the wide fluctuations in urinary Zn® output 
during Zn® feeding, which are suggestive of possible 
contamination of the urine with the drinking water. 
In single feeding experiments, from 10 to 20 per cent 
of ingested zinc was absorbed and retained from 24 hr 

lable 2, Fig. | 
data of Table 4 of any markedly rapid turnover of 


zinc from the total animal during the initial 24 hr of 


There was no indication from the 


deposition. An absorption of perhaps 25 per cent of 


ingested zinc, as a maximum, would therefore seem 

most consistent with the total observations. 
Buildup of Zn® in tissues during chronic Seeding. 

male rats, average weight 


Thirty- 


five female and twenty 
240 g and 443 g, respectively, were fed pH 2 drinking 
water containing 0.05 wc Zn® per ml. Water 
sumption and therefore Zn® uptake was measured 


periodically for each animal and remained essentially 


con- 


B exp [ —(0.693¢/T,) ] 


days 


time, 


(0.693¢/T,)}} 
B C 


0.42 
0.09 


0.14 
1.0 
0.09 


following single administration (units of per cent of 


units of per cent of 


extrapolated from retention curve 


in days). 


constant throughout the feeding period. Female rats 


were sacrificed after 45, 101, 200, 301 and 407 days on 
the Zn® drinking regimen. Male rats were sacrificed 
at only the 45-, 200- and 301-day intervals. 

The buildup of Zn® in the female rats is shown in 
Table 6. for radio- 


dex ay. 


These data are not corrected 


active Steady-state concentrations were 
attained in most tissues long before the end of the 
feeding period, as would be predicted from the single 
this listed for 


are the average of concentrations 


exposure study. For reason values 
“observed buildup” 
407 days feeding for all 
\ccumulation of 
the 


rate ol 


observed after 200, 301 and 
tissues except femur and total body 
and hair throughout 
the 


Increasing 


Zn® continued in femur 


feeding period, consistent with slow 


Zn® in 


animal concentrations reflect the continuing buildup 


turnover ol these tissues. total 


in bone and hair. 
Also Table 6 


dicted for 407 days chronic exposure, calculated from 
Calculations 


shown in are concentrations pre- 


the single dose retention data. wert 
made the 
equati f Table 5 l | ga value { he 

| ations oO avlt ), arnt empioying a Value or tne 
fraction taken orally that arrtved in the organ of inter- 
fraction retained 


0.16 


using integrated form of the retention 


est derived as the product of the 


24 hours after gavage administration and the 
fraction of total body Zn*® present in the organ as 
determined by the zero intercepts of the retention 
components. Use of the 24-hr retention fraction of 
0.16 rather than a figure for total absorption from the 


gut is considered appropriate in this case because 
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URINE / FECES =0.018 


(puc/DAY) 


URINE / FECES = 0.033 


URINE 


EXCRETION 


2n®5 FEEDING PERIOD — 
(FINAL 36 DAYS) 


TIME IN DAYS 


Fic. 4. Excretion of Zn® during and following chronic feeding. 


ed and predicted buildup of Zn® in chronically fed female rats 


Per cent of daily dose per g 


Days chronic feeding 2 200 301 7 Observed Predicted 
Sacrifice weight (g ; 23 229 254 26 buildup buildup 


[issues 

srain 

Spl en 
Lung 

Liver 

Fat 

Kidney 
Muscle 


Pancreas 


wen 
oo 


oS 
Ww 


Femur 


ho 
on 


Ovaries 

Heart 

Blox rd 

Pelt 

Skin 

Hair 

Residual carcass 
‘Total rat 


©C ve 
Oo 
© ho ho 


8 Go OI NO GO 
ho 
ho NO GO NO OO 
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Table 7. Build-up of Zn® in male rats during chronic 
Seeding 


Per cent of daily dose/g tissue 


Time of feeding 15 
days j 
Average wt. at 


sacrifice (g¢ 


‘Tissues 
Brain 
Spleen 
Lung 0.86 
Liver 1.9 
Fat 0.08 
Kidney 
Muscle 


Pancreas 


CO 


NNH hNY AD 


~s AS 
Co © 


Femur 
‘Testes 
Heart 
Blood 
Pelt 
Skin 
Hair 


Prostate 


— 


UWnsI nN — sI Nt eS SI DO 


~~ 
CO 


Residual carcass 
Total rat 


retention data at time intervals shorter than | day 
were not considered in the estimation of the retention 
equations of Table 5. The observed and predicted 
concentrations agree for all tissues within approxi- 
mately a factor of 2. 

Data on the buildup of Zn® in chronically fed 
Table 7. While 


number of sampling periods, these data show a very 


males is shown in limited as to 
similar pattern of distribution to that seen with the 
females. The lower numerical values are, of course, a 
function of the unit of concentration employed and 
the size of the animal. Of particular interest is the 
continuing accumulation of Zn® in the prostate. 
The affinity of the prostate for zinc is well known and 


In the rat, zinc concen- 
(17) 


has been widely studied.” 
trates in the dorsolateral lobe of the prostate, with 


highest concentrations associated with apocrine 


glands in the lateral portion of this lobe.“8:!%) The 
dorsolateral lobe of the chronically fed rats contained 
about 80 per cent of the total prostate Zn®. In man 
the prostate does not exhibit a well-defined lobular 
structure such as is seen in the rat."@®) Areas of high 
zinc concentration are, however, related to that 
portion of the gland containing mainly secretory 


tissue. '*)) 


Retention of Zn® following chronic feeding. Retention 
of Zn® following a 200-day period of chronic oral 
ingestion is shown for seven tissues and organs in Fig. 
5. The data are corrected for radioactive decay. 
The Zn® was contained in the drinking water at a 
level of 0.05 wc/ml. The biological half-lives deter- 
mined for Zn® in the various organs and tissues of the 
rats in this experiment are very similar to those 
observed in the retention of a single intravenous 


Table 5). 


the various tissue components are quite different in 


injection The relative concentrations in 
the two instances, of course, due to the buildup of 
Zn® in components with slow turnover rates during 
the period of chronic exposure. ‘The possibility of 
such buildup in long-lived components makes this 
type of experiment a sensitive check for the existence 
of such long-lived components that might not other- 


wise be observed. 


Autoradiographic visualization of Zn® distribution 


Autoradiographs were prepared from sections 
taken from a rat sacrificed 3 days following a series of 
three daily intraperitoneal injections of 0.5 mc Zn®, 
The autoradiographs shown in Fig. 6 are illustrative 
of the results obtained. A more complete account of 
investigations in this area of the fine structure of zinc 


distribution is planned for separate publication. 


Placental transmission of zinc 

The transfer of Zn® across the placenta following 
the administration of single tracer doses has been 
previously studied by others.‘”) In view of indicated 
changes in placental permeability during the course 
of gestation,’?) it was considered of interest to 
measure fetal Zn® uptake during periods of contin- 
uous feeding of Zn® to the dam. ‘The 
limited investigations in this area are shown in Table 
8. The schedules of feeding and sacrifice for the 
three rats and their litters are indicated in Fig. 7. 
The concentration of Zn® attained in the litters at 
sacrifice was in all cases higher than the concentration 
Whether this is due to a particular 


results of 


in the dam. 
avidity for zinc on the part of the fetus, or is merely 
indicative of enhanced metabolic activity and more 
rapid turnover, is not clearly evident from these 
limited data. The fact that high levels of Zn®™ are 
retained in the litter of rat C for a period of a week 
following radioisotope feeding is perhaps indicative of 
a high zinc demand by the very young rat. In this 
case, however, there was a continuing exposure of the 
litter via the milk from the dam. Further studies in 
this area are under way in our laboratory. 


Consideration of permissible exposure limits 


From the data obtained in these experiments 
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TOTAL RAT 


CONCENTRATION pc/g 


“ss 
= 


~ 


ta tg MUSCLE 


‘ @ BRAIN 


| 1 1 
80 120 160 
DAYS AFTER TERMINATION OF Zn®5 FEEDING 


Fic. 5. Retention of Zn® following chronic feeding. 
Table 8. Deposition of Zn® in dam and litter of rats fed Zn® orally during pregnancy expressed as juc/g tissue 


Rat A Rat B Rat C 
Tissue 


Litter Dam Litter 


Blood . ), 0.06 0.007 0.003 
Spleen 

Liver : .07 0.10 0.03 0.13 
Kidney A 0.06 0.02 0.04 
Pelt ’ 0.01 0.03 
Heart 

Lungs 

Muscl 

Femur q : 0.06 

Brain 02 

Residual carcass 02 i 02 OS 0.01 

Total rat UZ , UZ ; 0.01 

Weight (g 7 7 é 218 


‘oo ae 
ed 


we 


A. DORSOLATERAL PROSTATE (Mag.20X, NTB-3,/00u EMULSION, 
96 DAY EXPOSURE - ILLUSTRATING NON-UNIFORMITY OF 
DISTRIBUTION WITHIN THE LOBE. 


B. KIDNEY (Mag.1OX, NON- SCREEN X-RAY FILM C. LIVER (Mag. ISX, NON-SCREEN X-RAY FILM 
WITH T COAT, 25 EMULSION, I! DAY WITH T COAT, 254 EMULSION, !2 DAY 
EXPOSURE)-ILLUSTRATING PREFERENTIAL EXPOSURE)- ILLUSTRATING UNIFORM 
DEPOSITION IN THE CORTEX DISTRIBUTION. 


Fic. 6. Distribution of Zn® as shown by autoradiographs 


\. Dorsolateral prostate 20, NTB-3, 100 4” emulsion. 96-day exposure 
illustrating non-uniformity of distribution within the lobe. 

B. Kidney 10, non-screen X-ray film with T-coat, 25 4 emulsion, | 1-day 
exposure illustrating preferential deposition in the cortex. 

C. Liver 15, non-screen X-ray film with T-coat, 25” emulsion, 12 day 


exposure illustrating uniform distribution. 
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WN 


[_] 
i 


zn®5 Feeding Period 


Tap Water Feeding 


Day of Sacrifice 
| 


Rat "A" 


WW 


| 
| 


i 


l 


12 15 
Days Gestation 


Note: 
gestation period. 
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one can calculate permissible rates of daily 
intake of Zn® and thus permissible concen- 
trations in water or food. Employing the 
procedures of the ICRP, calculations on the 
assumption of a number of organs as critical 
are outlined in Table 9. Values for the maxi- 
mum permissible concentration (MPC) in water 
calculated from the data of the present experi- 
ment are compared with the presently recom- 
mended values of the ICRP.“ The permissible 
critical organ burdens (gf,) employed in these 
calculations are those calculated by the ICRP.“ 
The fraction of ingested radioisotope which 
reaches the critical organ (fw) was calculated 
from the rat data on the assumption that the 
concentration of radioisotope in the particular 
organ in question would bear the same relation- 
ship to total body radioisotope concentration in 
man as in the rat, and that total absorption 
would be equivalent in man and rat. This was 
considered a more valid basis for extrapolation 
than the assumption of a constant fraction of 
total body Zn® in the same organ of rat and 
man, because of the disproportionate sizes of 
certain organs in the two species.) The 
equation employed by the ICRP for MPC 
calculations assumes that the radioisotope is 
lost from the critical organ with an effective 
half-life, 7. When, as in the results of the 


3 5 
Age (Days) 


Dashed line indicates normal 21 day 


Feeding schedule of pregnant rats. 


present experiments, a multiple exponential 
expression is required to describe radioisotope 
the calculations become somewhat 
more complicated. When all half-lives are 
short relative to the lifetime period of exposure, 
this complication amounts only to the replace- 
ment of the single half-life T by the term: 
AT, + BT, + CT, - 

where A, B, C,... are the fractions of the total 
radioisotope content present in components of 
effective half-life T,, 7,, T,,..... The half- 
life values employed in the calculations of Table 
effective half- 


retention, 


9 are such “‘weighted average” 
lives, drawn directly from the rat data. 
Another approach to the estimation of MPC’s 
is shown in Table 10, where calculations are 
based on the results of the chronic feeding 
studies. In this case, one has a direct experi- 
mentally observed relationship between daily 
Zn® intake and equilibrium levels which build 
up in organs and tissues. The only assumptions 
are those involved in adapting the rat data to 
man. In calculating the equilibrium concentra- 
tion of Zn® to be expected in man, in terms of 
daily intake, (C,,), it was assumed that this 
concentration in man would be reduced from 
that observed in the rat by a factor of the ratio 
of total weight of man and rat. Thus the 
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Table 9. Calculation of maximum permissible concentration of zinc-65 in water from single administration data 


3.1 x 10-4qf, 1* 
| urd . ga Soon ox 
 ® ; 


; T 


Sw days 


Organ assumed 


critical This 


study 


This 


study 


ICRP ICRP 


0.1 0.25 194 30 
0.035 0.075 66 3 
Kidney 0.004 0.011 93 
Pancreas 0.003 0.003 23 
Muscle 0.03 0.05 218 
0.00004 0.0002 74 
0.015 0.04 206 


Total body 
Liver 


Ovaries 


Bone 


(MPC),, 
(uc/ml x 108 


This 


study 


ICRP 


- POON 


CO 


* This equation defines the maximum permissible concentration of a radioisotope in water when the effective half- 


life is short as compared with the period of exposure and when exposure is on a continuous basis. 


qj* 
hu 


* 


level of radioisotope buildup is known and when exposure is on a continuous basis (s¢ 


2200 daily water intake (ml 


permissible critical organ burden as defined by ICRP (uc 

fraction of ingested radioisotope which reaches critical organ. 

effective half-life in critical organ. (For “this study” T = AT, + BT, 
total deposited radioisotope present in components of effective half-life T,, 


Table 5, corrected to inc lude effect of physical decay. 


CT., where « 
T,.T 


(11) 


1, B, C are fractions of 


Values are those given in 


Table 10. Calculation of maximum permissible concentration of zinc-65 in water from chronic administration data 


3 * 
MPC), Wo 
2200 m C,, 


Organ assumed Sie b> 104) 


critical 


Total body 

Prostate 

Liver 

Kidney 

Pancreas 

Muscle 

Ovaries 0.04 


Testes 0.2 


Bone l 17 


[his equation defines the maximum permissible conc« 


af permissible critical organ burden as defined by ICRP (yc). 
mass of critical organ in man (g).‘! 


f 


( concentration of radiois« 
! 


ytope attained 


il 


fraction 
of daily intake/g 


(MPC),, 
(uc/ml x 108 


‘ntration of a radioisotope in water when the equilibrium 


1 in critical organ at equilibrium (fraction of daily intake/g). 
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fraction of daily intake deposited per gram of 
tissue which is listed in Table 10 for man is the 
value listed in Table 6 or Table 7, for the rat, 
divided by 70,000/386 for the male data and 
70,000/260 for the female data. 
were employed except in the case of prostate 


Female data 


and testes. 

The MPC values calculated by these two 
Table 9 and 10 
each 


methods are in reasonable 


agreement with other. They are quite 
significantly larger, in most instances, than the 
ICRP recommendations (Table 9 


to our measurement of a substantially 


This is due 
more 
rapid turnover of Zn® in most tissues of the rat 
than is assumed by the ICRP for man. 

With the exception of those based on total 
body as critical organ, all of the MPC values of 
Tables 9 and 10, including those of the ICRP, 
are subject to the criticism that no account is 
taken of the critical 
organ by Zn® deposited outside of this organ. 


of irradiation assumed 
Thus the permissible critical organ burden 
(gf) is calculated by the ICRP without refer- 
ence to This 
leads to a relatively small error for most radio- 


irradiation from other sources. 
isotopes, but it is a substantial one for Zn® 
where 98 per cent of the energy release is in the 
form of penetrating electromagnetic radiation. 
WAKELEY et al. have calculated the radiation 
dosage to various tissues of the rat, taking into 
consideration the total body distribution of 
Zn®,46) McKenney et al., in our laboratory, 
have measured the difference in the radiation 
and 


in situ organs of a ram 


65 (24) 


dose to excised 
previously administered Zn 
for this effect, the variation in calculated MPC 
tissues assumed to be 


If one corrects 


values for the different 
critical becomes predominantly a factor of the 
differing 100 
mrems/week in the case of total body and gonads, 
300 the soft 
tissues, and 560 mrems/week for bone. This 
being the case, MPC values may be based on 
total body Zn® retention data which may be 
conveniently and safely measured in man using 
(2) Limited data of this 


permissible exposure limits; 


other 
(11) 


mrems/week in case of 


whole body counters. 
sort obtained by RicHMonp and LANGHAM?) 
and by Roescx"), 
in man of the order 


tion of ingested Zn*® which may vary 


est an effective half-life 
) 


sugg 
of 125 days, and an absorp- 
from 


9 
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Such data would lead to an 
for water from 


30-90 per cent. 
MPC 


than present ICRP recommendations. 


two- to five-fold lower 
The fact that data from so many divergent 


MPC which 


vary by no more than a factor of ten would 


sources lead to estimates of the 
seem to justify a fair degree of confidence in our 
present ability to evaluate the hazard of Zn®. 
Two factors may require further consideration: 
1) the possible enhancement of deposition in 


and (2 


the fetus and new born; the possibility 
that, because of its biological role, Zn® may 
concentrate very heavily in certain cells or 
the that the 


1-2 per cent of its energy release present in the 


sub-cellular fractions, to extent 
form of short range positrons, Auger electrons 
and weak X-rays may play a significant role. 
These possibilities are being further investigated. 
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Abstract—The of burros to 


response 


neutron-y-radiation 


was studied. Seven animals 


/ 


received 180 rads (145 rads n, 35 rads y) at a rate of 6 rads per min. The death of two burros 
at this dose level was unexpected. The clinical symptoms of these animals resembled those of 


central nervous system damage, heretofore seen with larger doses and much higher dose rates. 
The five survivors exhibited symptoms of neurological derangement but to a much lesser 
degree. The interval between exposure and maximum depression of leukocytes was | weck, 


a shorter period than has been recorded in other burro studies. The initial rise in number of 


neutrophils 
tion began 


and the depression of lymphocytes followed previously observed patterns. Epila- 
as expected; however, the delayed epilation reported here is without recorded 


precedence in this species. There is an indication of a weight-response relationship to neutron 


y-irradiation in the burro. A comparison of the hematological response of man and burros to 


similar amounts of neutron 


INTRODUCTION 
THE acute response elicited in the burro from 
neutron—y-irradiation has been previously 
studied. In 1957, during Operation Plumbbob 
at the Nevada Test Site (NTS), 


eighty-eight burros was exposed to a nuclear 


a group 


The ratio of neutrons to 
1. After 


in 


detonation." 
was approximately 1: 


y-rays 
an accidental 
human Oak 


16 June, 1958, burro no. 442 was exposed to a 


radiation exposure Ridge on 
mock-up experiment in order to determine the 
by the 


ratio 


neutron dose received 


(2,3) 


approximate 


affected persons. The neutron—y-ray 
during this exposure was 1:3.3. 
This paper the of 


during the 90-day period following exposure to 


reports response burros 


neutron and y-rays, having a ratio of 4:1, which 


emanated from ‘‘Godiva II’, an unshielded 


* This manuscript is published with the permission of 
the Director of the University of Agricultural 
Experiment Station, Knoxville, Tennessee. This 
was completed under Contract No. AT-40-1-GEN-242 


of Tennessee College of Agri- 
Energy Commission. 


Tennessee 
study 
the University 
culture and the Atomic 

t On assignment from the Veterinary Corps, United 
States Army. Present address: 10th General Dispensary, 


Frankfort, APO 757, New York, N.Y. 


between 


of 


19 


y-radiation is presented. 


reactor. These clinical observations were con- 
ducted in conjunction with a sodium activation 
study of the blood performed by the Health 
Physics Division of the Oak Ridge National 


Laboratory. 


MATERIALS AND METHODS 


Equus asinus asinus 


for the 


male burros 
10 


experiment. These animals had been under observa- 


Ten mature 


weighing from to 476 lb were selected 
tion at this laboratory for a period of 5 years, there- 
fore their health and hematological pictures were 


The 


Mexico, from an elevation of 989 ft to 


well known. animals were airlifted to Los 
Alamos, New 
7200 ft, 1 week prior to the beginning of the exposures 
to permit partial acclimation. From 5 to 7 days after 
the exposures the survivors were returned by air to 
Oak Ridge, Tennessee, for continuing study. 

While in New Mexico the animals were maintained 
in a corral having solid wooden sides but no overhead 
protection. Their diet of 10 |b 
quality alfalfa hay and | lb of oats per day per animal. 
Water was provided ad libitum. When 


Oak Ridge, Tennessee the survivors were stabled in an 


consisted of good 


returned to 


open barn and provided hay and water ad libitum and 
| ] 
At the 


end of one month the animals were placed in open 


grain at the rate of 1 lb per animal per day. 


pasture and continued on the latter feeding regimen. 


Seven burros were randomly selected for exposure 
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and three were maintained as controls. For exposure 


the animals were restrained in individual wooden 
crates. The crated burro was positioned to obtain a 
The 
midpoint of the torso was positioned 3 m from the 
Fig. | 


exposure the burros were tranquilized with 150-400 


relatively uniform exposure to the right side. 


center of the reactor Prior to placement for 


mg of chloropromazine which was administered 


intramuscularly from 30 min to l hr prior to the 
beginning of the exposure. The exposure period was 
0 min. 

“Godiva II’) is an unshielded 
uranium metal enriched to approximately 90 per cent 
Ihe reactor is a right 
circular cylinder, 7 in. in diameter and about 5} in. 


isotopic abundance in U*., 


in height (in foreground of Fig. | This device was 
designed to have a standardized yield of 10!® fissions 
per burst or to be operated at a lower power level. 
Che y-dose per burst at | m is approximately 30 rads 
with a corresponding neutron dose of 370 rads. The 
primary spectrum has negligible thermal and epi- 
thermal neutrons, but at distances beyond a few feet 
from the reactor such neutrons become significant as 
from the “Kiva’’* walls and 


a result of scattering 


floors. 


Che dosimetry was performed by the personnel of 


Oak 


utilizing proportional 


Ridge 


coun- 


the Health Division of the 
National 


7) and threshold detectors‘*’®) for the neutron 


Physics 
Laboratory 
ters‘® 
During the low-power runs the proportional 
When the 


runs were made sulfur 


dose. 
counters and sulfur tablets were exposed. 
high-power (burro exposures 
tablets as well as other threshold detectors were used 
to measure neutron dose. The activities of the sulfur 
tablets from the high-power runs were compared to 
the sulfur activation per unit dose as measured by 
proportional counters during the low-power exposure. 


Vhis 


Metaphosphate glasses containing silver[91)) and 


normalization yielded neutron dose in rads. 
chemical dosimeters“) were utilized to measure the 
y-ray dose the animals received. 

Blood samples were obtained prior to exposure and 
Sub- 


sequent samples were then drawn at 1, 2, 3, 4, 6, 8 


12, 24, 48 and 72 hr following the irradiation. 
were 
method of Du- 
HANZEL"5), 


and 12 weeks. Hemoglobin determinations 
colorimetrically by the 
Wonc") and 


Platelet counts were made by the phase microscopic 


obtained 
PRAY"%) as modified by 
method of BRECKER et al.“®), The remainder of the 


values was obtained by methods de- 


(17) 


hematologic 


scribed by WINTROBE 


is the Indian name for ceremonial hut and is 


* “Kiva” 
used for the buildings which house the critical assem- 


blies. 


assembly of 
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RESULTS 
The “exposure”’ dose of radiation the burros 
received in 30 min, as measured in air, was 
145 + 3 rads of neutrons and 35 + 4 rads of 


y-rays for a total dose of 180 rads. 


General effects 
Within 8 hr following the exposure there 
appeared swelling of the right eye lids, con- 


junctivitis, and a thick mucoid discharge from 


the right eye. Two animals also had a slight 
mucoid discharge from the left eye. Between 
12 and 48 hr all animals lost motor control of 
the left ear was affected in five of the 
seven exposed burros. As early as 24 hr the 
animals appeared to be stupefied. The heads 
hung down and bobbed as if the animals were 
and suddenly awakening. 
over the entire body were 


one Car; 


going to 
Muscular 
usually apparent within 48 hr after exposure and 
lasted 1 or 2 days. Circling to the left was 
noted in two of the burros. The one which subse- 
quently died manifested this symptom in 48 hr 
and the other animal on the fifth day. Two 
burros, one of which died, developed a paralysis 
of the lower lip within 48 hr. The lip hung 
pendulously from the chin and was immobile. 


sleep 
tremors 


Anorexia was an inconsistent observation. Some 
animals did not eat for | or 2 days while others 
exhibited no inappetence. 

Only three animals had a temperature rise 
following the exposure. Two were the animals 
which died and the other was the most severely 
The rise was noted from 4 to 
8 hr post-exposure. It did not exceed 103.7°F 
normal temperature is 99-100°F). Twelve 
hours after irradiation the temperature had 


affected survivor. 


The non-survivors had a 
The 
eye 


returned to norme|. 
subnormal temperature prior to death. 
abnormal lacrimation the right 
continued to be quite profuse for about 2 weeks 
and then gradually diminished until the sixth 
week, at which time the eyes appeared normal 


from 


in this Auricular paralysis was still 
present 3 months after exposure. By the end of 


2 months the surviving burros had returned to 


respect. 


their normal weight range. 
Epilation 


Epilation has been observed in burros in 


Fic. 1. Positioning of burros during exposure. Device in center foreground is “Godiva IL’. 


Fic. 2. Burro exhibiting stripe epilation. 


Burro no. 425 48 hr post-exposure. 


Fic. 7. Burro no. 425 48 hr post-exposure (lateral view). 
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previous neutron—y experiments to begin about 
the second week post-exposure. Epilation in this 
experiment varied greatly between time of onset 
and form. In view of these variations and that 
epilation has not been observed in_ burros 
exposed to lethal or sublethal doses of y-radi- 
ation from Co®, Ta!§? and Zr—-Nb™®, a detailed 
description is reported for each survivor. All 
epilation and loosening of hair occurred on the 
right side of the body, head and neck. ‘The stripe 
effect created by the epilation described below 
is the result of shielding afforded by the boards 
forming the sides of the restraining crates. 
Burro no. 404 showed partial epilation at 2 
weeks post-exposure. It was limited to the bony 
prominences, i.e. over the shoulder, tuber coxae, 
and head of the femur. The hair pulled out 
easily in other areas. In 4 weeks additional 
epilation caused a two-stripe effect (Fig. 2). 
At 8 weeks the long hair ventral to the lower 
stripe epilated. Examination at three months 
revealed partial loss of tail hair. Burro no. 410 
began epilating around scars and over bony 
prominences at 2 weeks. There was no further 
epilation until 9 weeks at which time stripes 
were faintly visible. ‘Two stripes were prominent 
at 10 weeks. Three months post-exposure the 
last several inches of this animal’s tail was com- 
pletely devoid of hair. The hair of burro no, 418 
was loose by the second week but no obvious 
epilation took place until the eighth week when 
a faint stripe appeared. By 9 weeks there were 
Part of the tail hair was 
3urro no. 435 did not begin 


two definite stripes. 
missing at 12 weeks. 
to epilate until the eighth week when one faint 
stripe appeared. At 9 weeks two stripes were 
present. By 12 weeks the tail had completely 
epilated. Burro no. 420 began a general epila- 
tion on the right side 2 weeks following exposure. 
The long outer hair shed and the undercoat 
During the seventh week a 


remained intact. 


stripe appeared. At 9 weeks regrowth was 
present. The new hair was gray in color whereas 
the normal coat was a chocolate brown. At 12 
weeks the stripe effect was still present but there 
was no loss of hair from the tail. 


Hematology 


Total leukocytes in peripheral blood increased 


approximately by a factor of 2 within 12 hr 


THOMAS and DANIEL 


G. BROWN 


and returned to pre-irradiation levels 48 hr after 
exposure, At 72 hr the WBC value was 66 per 
cent of the pre-exposure level. The lowest value 
(38 per cent) was reached in 7 days. Twelve 
weeks following exposure the leukocyte count 
had risen to 58 per cent of the pre-irradiation 
value (Fig. 3). 

Prior to irradiation neutrophils accounted for 
42 per cent of the white blood cells. This 
value rose to 90-93 per cent at 12—48 hr post- 
exposure, and then began a gradual decline. At 
12 weeks 48 per cent of the white blood cells 
Fig. 4). 
dropped from a pre-irradiation level of 41 per 
cent to 2 per cent witin 12 hr and did not rise 


were neutrophils The lymphocytes 


above 10 per cent until 1 week had elapsed. A 
gentle rise continued through the twelfth week 
at which time the lymphocytes had returned to 
66 per cent of the pre-exposure value. A decrease 
in monocytes in the peripheral blood was noted 
within 24 hr. At the end of the first week the 
monocytes had returned to the control value. 

The thrombocyte counts remained within the 
normal range for | week, after which a depression 
was noted. The thrombocytes reached the nadir 
at 3 weeks and returned to the control values 

the third 
Fig. 5 


between second and post-exposure 


month 

Hemoglobin and hematocrit values were 
determined. These findings are believed to have 
been altered by the change in altitude without 
allowing adequate time for acclimation; there- 


fore, the results are not included."8.!%) 


died followi the exposure. 


Burro no. 416 


Two animals 1g 
Burro no. 425 died in 71 hr. 
died in 119 hr. 

Burro no. 425 manifested lacrimation from 
the right eye a few hours following the exposure. 
At 48 hr the burro was gaunt, dyspneic and 
depressed. The left side of the face appeared 


sunken and the right side relaxed (Fig. 6 

Drooping of the lower lip was evident and there 
Grinding of the teeth 
When 
standing, the legs were spread in an effort to 
These symptoms 


During the 


was drooling of saliva. 
and circling to the left were observed. 
maintain balance (Fig. 7 
persisted for an additional 16 hr. 
next 3 hr the animal became recumbent and did 


BURROS TO NEUTRON-y-RADIATION 


RESPONSE OF 


oe Godiva irrad 

------{[ Godiva control 

o_L Burro 442 

x——=—=* NTS group X 
Man 


Weeks, post-exposure 


st-exposure 
y-radiation. 


) 


3. Response of total leukocytes to neutron 


Godive irrad 
Godiva control 
Burro 442 


St- exposure 


sponse of neutrophils and lymphocytes to neutron—y-radiation. 
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Weeks, 


and 
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Godiva irrad 
Godiva control 
Burro 442 
NTS group XI 
Man 


post - exposure 


Fic. 5. Response of thrombocytes to neutron—y-radiation. 


not rise prior to its death 71 hr following 
exposure. 

Burro no. 416 had lacrimation of the right 
eye within 8 hr. At 12 hr the right eye had a 
heavy, mucoid discharge; interference with 
vision was noted and the right ear drooped. No 


significant change was noted for the next 36 hr. 


Forty-eight hours after exposure the animal was 
y-eig I 

When the burro was observed 64 hr 
Evidence in 


eating. 
post-exposure, it was recumbent. 
the corral indicated convulsions had been pro- 
gressing for at least 4 hr. At this time muscular 
tremors, grinding of teeth and constant strug- 
gling were noted. These symptoms have been 
previously seen and attributed to central nervous 
system damage."!:2® At 96 hr the animal was 
prostrate, cold to the touch, and unable to lift 
its head. The animal died 119 hr following 
exposure. 

At necropsy the following gross lesions were 
noted: burro no. 425—an enlarged liver from 
which copious amounts of blood flowed when 
incised, and a soft and congested brain; burro 


soft and congested brain with extensive 
cerebellum, 


no. 416 
hemorrhage at the base of the 
ecchymotic hemorrhage on serosal surface of the 
bladder, hematuria, and petechial hemorrhages 
in the subcutaneous and pericardial fat, lymph 
nodes and atria of the heart. 

Microscopic lesions in the tissues of burro no. 
425 were patchy areas of congestion, atelectasis 
and emphysema of the lungs, hemorrhagic areas 
in the pancreas, and extensive fatty change 
involving the liver. The because of 
central nervous system symptoms, was examined 


brain, 


extensively. Lesions in this organ were moder- 
ately severe congestion throughout, mild neutro- 
philic perivasculitis and satellitosis, and peri- 
vascular hemorrhages in the white matter of the 
pons. 
Histopathological 
number of changes in 
organs and tissues from burro no. 416. Hemorr- 


examination revealed a 


the parenchymatous 


hages of varying degrees were observed in the 

heart, lymph nodes, splenic capsule, substantia 
9 4) ’ 

propria of the urinary bladder and in the 
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particularly involving the thalamic 
and Marked 


present throughout both the spleen and brain. 


cerebrum 


cortical areas congestion was 


In addition, the brain contained alterations 


consisting of satellitosis, apparent enlargement 


of the Virchow—Robin spaces, and neutrophilic 


perivasculitis, the latter having been demon- 


strated most extensively in the pons, cerebral 


cortex and cerebellum. Because only two 


animals are involved, correlations between the 


observed CNS symptoms and brain lesions are 


discussed with data of other experiments. °)) 


DISCUSSION 


he clinical response which was characterized 


by central nervous system disturbances and early 
mortality was similar to that previously observed 


in burros exposed to larger doses and much 


higher dose rates.“';*® Consistent with previous 


studies, the prognosis was grave and the animal 
invariably died when the symptoms progressed 
as in burros no. 416 and no. 425. Mortality in 
burros from such a small amount of radiation 
Pre- 


viously the lowest dose of radiation causing death 


has not been observed In prio1 studies. 


in burros was 250 rads of y-radiation to the 
head at a dose rate of 85 rads per min to the 
midline of the brain. 


both 


the central nervous system, 


Lesions in 
grossly and microscopically, were similar to those 
observed in the head irradiated burros and those 
exposed to prompt neutron—y-radiation. Con- 
gestion and hemorrhage in the brain substance 
and meninges may have increased intracranial 
pressure which is related to the clinical behavior 
we have described. 

The pre-exposure hematologic values com- 
pared favorably with those reported by WILDING 
et al."**), The response of the total leukocytes, 


and subsequent to 


neutrophils lymphocytes 
followed the 


previous burro studies and in man. 


observed in 
(3,23) For 


exposure pattern 


comparison, hematologic values of burros and 


man exposed to comparable dose levels of 


neutron—y-radiation are plotted in Figs. 3, 4 and 


total leukocytes occurred at 1 week, while in 


other studies, burro and human values were 


lowest at approximately 3 weeks post-exposure. 
The initial WBC and thrombocyte counts for 


». It is noted that the maximum depression of 


TO NEUTRON-y-RADIATION 


man are approximately 50 per cent of the burro 
values which should be considered when com- 
paring the data. It is estimated that the RBE 
for neutrons of the cellular elements of the 
peripheral blood is approximately 1, otherwise 
greater differences would probably have been 
noted as a result of the varying neutron—y-ratios, 

Epilation occurs frequently in burros follow- 
ing neutron exposure but is not seen in burros 
y-irradiation.“# Epilation began 
+8 rads 


following 
during the third week in burro no. 442 
n, 158 rads y) and in 44 per cent of the survivors 
of the Nevada Test Site study. In man epilation 
usually begins after the second week with doses 
as low as 300 r. The stripe pattern observed in 
this study is believed to have been the result of 
neutron shielding afforded by the wooden panels 
of the restraining crates. The area shielded by 
the panels did not epilate as extensively as did 
stripe 


ee 


the unshielded area, thereby creating the 
effect” (Fig. 2). The strip of hair protected by 
the panel retained its natural color whereas the 
new hair remains unpigmented. 

The epilation that occurred among the men 
following the accidental nuclear excursion in 
Oak Ridge, Tennessee had nearly ceased by the 
In 6 months complete re- 


forty-fourth day. 
Zurro no. 442 had normal 


erowth had occurred. 
hair regrowth with no apparent change in color 
in 3 months. At the present rate of epilation it is 
that the burros will not 
coat least 9 months 


estimated ““Godiva”’ 


have a normal for at 
following exposure. 

There appears to be a weight relationship to 
the early neutrophil change and clinical response. 
The maximum per cent increase of neutrophils 
occurred in the smallest animals (Fig. 8). The 
clinical response followed a similar pattern in 
which the smallest animals were most severely 
affected (Table 1). In previous studies of the 
acute response of three species of large animals, 
cattle,‘>) swine and burros‘?®) exposed to Co®® 


y-radiation, a weight—response relationship was 
Kuun et al.™ observed highest 
mortality in the smaller burros exposed to an 


not evident. 
atomic detonation. The LDsoj. for these 
animals was 435 reps and 315 reps for average 
weights of 370 and 260 lb, respectively. 

The response of these animals to such a low 
dose of irradiation leads to many questions. We 


RALPH E. ‘THOMAS 


and 


DANIEL G. BROWN 


Line fitted by least squares method (j 


Fic. 8. Burro weight vs. maximum per cent neutrophil increase. 


have seen similar responses in burros exposed to 
prompt neutron-y-radiation and y-radiation to 
the head at a relatively high dose rate. In each 


of these studies animals died from exposures of 


250-280 rads which indicated a dose rate effect. 
However, in this study the dose rate was 
relatively low; thus it appears that neutrons are 
more effective than y-radiation on the burro at 
relatively low dose rates. 


Acknowledgment—The authors wish to express their 
appreciation to the following individuals who materi- 
ally aided in this study: JoHN AuxrerR and FRED 
Table 1. Weight response relationship 
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resp¢ nse 


Animal Weight 


number lb 
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Abstract—After the Windscale accident surveys showed eggs to be the greatest source of [#41 
next to milk. Since little information is available, experiments were carried out to provide 
background information on the accumulation of I?* in eggs. 

When hens received daily oral doses of I?! the eggs showed a plateau level of about 8 per 
cent of a daily dose at 6 days after the start of the experiment. Most of the I!%4 was located in 
the yolk, presumably in the ionic form though a significant amount may be protein bound. 

With a single dose of [1 the maximum amount in the eggs was reached on the sixth day after 


dosing and indicated that maximum hazard would show a time lag. 


INTRODUCTION 

RADIOACTIVE iodine has been considered perhaps 
the most important short term hazard from 
nuclear debris or reactor accidents. The incor- 
poration of I/%! into foods other than milk has 
received little attention. Observations after the 
Windscale reactor accident indicated that eggs 
might be an important contributor of environ- 
mental I?! to the human population.” There- 
fore, the following studies were undertaken to 
furnish some background information on the 
accumulation of radioiodine in the hen’s egg 
under typical management conditions. 


PROCEDURE 


Ten single-comb white Leghorn pullets of 


were used to study the 
The birds 
were kept in individual laying cages to facilitate 
collection of Water 
supplied ad lib. as was a commercial laying 
mash (G.L.F.) that contained 2.54 mg iodine 
100 ¢ of feed. of the 
isotopes to a particular bird was started only 
after it was established that the pullet was 


about 6 months of age 
distribution of I**! in laying hens. 


and excreta. was 


CO 
eggs 


Administration radio- 


laying. 
* Supported in part by the U.S. Atomic Energy 
Commission under contract No. AT(30-1)-2147. 
+ Rockfeller Foundation Fellow. Present 
Polska Akademie Nauk, Poezta Grodziec Slaski, powiat 
Bielsko—Biata, Poland. 


address: 


The first objective was to determine the 
levels of I'*! that would be found in the body, 
excreta and the 
given daily over a long period of time. For this 


eggs when radioiodine was 
purpose, four of the pullets were given | ml of 
a stock [!*! solution (10 uc per ml on day 0) 
every day for 19 days. The dose was placed 
directly in the crop of each animal by pipette and 
was given after measurement of body burden. 
The distribution of a single oral dose of [)34 
Four of these hens 
5 ml of the stock 


iodine solution. For comparative purposes, the 


was followed in six hens. 


received a single oral dose of 


other two chickens received the 5 ml dose of I}! 
injected into a wing vein. 

The body content of I'*! was determined 
daily by placing a hen in a small cardboard 
from the 


I 
8.1 cm away 


box that was located 3 
crystal of a scintillation probe connected to a 
scaler through a single channel analyzer. Each 


then counted for or 10 min. To 


convert the data to per cent of dose, 1 ml of the 


hen was 
stock I'*! solution was placed in a pint jar filled 
with water and counted as was the hens. 
Collection of facilitated by 
spreading a sheet of transparent plastic on the 


excreta were 


pan under the cage of each hen. By careful 
folding of the sheet a complete collection of 
excreta could be made. The excreta were then 
placed in pint jars and counted in the same 


fashion as the hens. 


INCORPORATION OF 


-WHOLE EGGS 
—WHOLE BODY COUNTS 
EXCRE TIONS 


ee ee ee ee ae 


10 5 i9 
DAYS 


of daily 


4 4 


oral doses of 


Fic. 1. The 


[131 between the eggs, 


partition 
the body, and excre- 


tions of Leghorn hens. 


Eggs were collected every day and counted 
individually as the whole egg and then as yolk, 
albumin and shell. For counting, the eggs and 
the egg fractions in beakers were placed directly 
on the crystal of a deep-well scintillation counter. 
The standards were | ml of a 1:100 dilution of 
the dose or daily dose placed in beakers and 
brought to volumes similar to that for the 
albumin, yolk and shell. 

At the end of the long-term experiment, the 
birds were killed and samples taken of muscle, 
liver, kidney and ovary. Fresh weights were 
obtained on these tissues before counting. 

The data of the long-term dosing experiment 
are expressed as the per cent of the daily dose 
received by the animal; the data of the single 
dose experiment are expressed simply as per 


cent of the dose. 
RESULTS 
Long-term ingestion 
[131 in the 
[131 


Fig. 1 shows the accumulation of 
bodies of the chicken, the excretion of 
the levels found in the whole egg. To be noted 


, and 


[131 


INTO CHICKEN EGGS 


j/ 
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10 
DAYS 


Fic. 2. The distribution of I)*! in the eggs of 
hens given daily oral doses of radioiodine. 
The data are expressed on the basis of per 
cent of a daily dose per 100g of material. 


is that the I'*! content of the eggs had reached 
a plateau by the seventh day while the body 
[131 continued most of the 
experimental period. The small daily variations 
seen in the values for whole eggs can be explained 
somewhat by the fact that each hen did not lay 
an egg every day. It was observed that once 
equilibrium was reached the amount of 7%! in 
the eggs of a particular hen was rather constant 
and did not increase if an egg had not been 
laid the preceding day and did not decrease if 
two eggs were laid on the same day. The 
excretion of the I'%! doses was quite rapid 


to increase for 


approximating 85 per cent of the daily dose at 
the first 24-hr collection and continuing at this 
or a greater level throughout the experiment. 

When the eggs were separated into the 
various parts (Fig. 2), it was noted that the 
yolk contained from twenty to fifty times as 
much ['8! as either the albumin or the shell. 
Only the yolk required several days before 
reaching a plateau. 
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Fic. 3. The uptake of [}%! into the yolk 
expressed as a function of the size of the 


developing ova. 


Triangles and circles rep- 


resent ova collected from two different hens. 


A preliminary fractionation of the yolk 
material revealed that little !%! was associated 
with the ether extractable portion. A major 
amount of the yolk I'%! was extractable with 
water and then easily adsorbed on an ion 
This presumably 
[131 


exchange resin Dowex I-8X. 
is iodide [}!, 
did appear to be associated with the proteins 
of the yolk. Further examination of the distri- 
bution of radioiodine in the yolk is in progress. 

At sacrifice muscle, liver, kidney and ovary 
tissue samples were found to contain, respec- 
tively, 0.04, 0.10, 0.19 and 0.52 per cent of a 
daily dose per 100 g of tissue. In measuring the 


A significant portion of the 


ovary all ova larger than 0.5 cm in diameter 
were removed. 

With two of the birds, different sized ova 
were collected, weighed, counted, and the data 
expressed as per cent of a daily dose per 100 g 
(Fig. 3). It was noted that the smallest ova 
contained the least I’! per unit of weight; as 


the ova increased in weight up to 2 g the rate of 


[131 accumulation comparatively high. 


After 2 g, the I'*! increased roughly in propor- 
tion to the gain in weight of the follicle. It 
should be noted, however, that most of the [)*! 
was accumulated during the period when the 
weight of the ova increased from 2 to 16 g. 
Table 1 contains a summary of the values 
obtained at or near equilibrium for the various 
A slight difference is seen be- 


was 


samples taken. 
tween the values for whole egg and for the 


fractions of the egg. This difference presumably 


is attributable to counting geometry. 


Single-dose studies 

The route of administration, oral or intra- 
venous, made little difference in the handling 
of the I'%! and so the data of all single-dose 
experiments were composited. A very rapid 
excretion of a radioiodine was noted after the 
administration of a single dose (Fig. 4). As 
with the multiple-dose study, approximately 
90 per cent of the dose was excreted within the 
first 24 hr, after this, the amount excreted was 
very low and extremely variable. The body 
content of [)*! reflected the losses through 
excretion and egg laying. 


Table 1. 


Summary of 181 content of various 
samples at or near equilibrium 


of daily 


f daily dose 
on GAY © dose per 100 g 


Tissue 


Whole body 70 
Feces daily 90 
Whole eggs (daily 8 
Yolk daily g 
Albumin (daily 0.3 
Shell (daily 0.07 


0.03 
0.04 


1. For whole body the values from 14-19 days were 
For other tissues, the data 
from the following periods were used: feces, 2-19; whole 
egg, 7-19; yolk, 7-19; albumin, 2-19; shell, 2-19 days. 


used in obtaining these values. 
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[331 into the eggs, 


Fic. 4. The 


partition of 
and tissues 


body 
| 


administration of a single dose 


following the 


excretion 
of radioiodine. 


Most interesting is the observation that the 


radioiodine content of the eggs reached a peak 


on the sixth day after the start of the experi- 


ment. When the eggs were separated into yolk, 


albumin or shell (Fig. 5) it was seen that this 
to the yolk since both 


the albumin and shell showed a peak incorpora- 


was due almost entirely 


tion of activity on the first day after dosing and 
decreased rapidly after that. 

It should be that the 
maximum value to be established in the eggs 


noted time for the 


coincided with the establishment of a plateau 
level in the multiple dosing experiment. How- 
ever, the sum of the activity appearing in the 


eggs for these 6 days, after 


[131, was only half of the equilibrium level 


established with daily doses. Theoretically, 


these should have been equal. ‘The reasons for 
the this 
however, as with dairy cattle it does not seem 


difference are not clear at time; 


possible to use single-dose experiments to 


the single dose of 


INTO CHICKEN EGGS 
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Fic. 5. The distribution of [)*! in the different 


fractions of the egg after administration of a 


single dose of [)*1, 


predict the levels to be attained in the eggs 
after long-term ingestion of I'*!, 


DISCUSSION 

The handling of the chickens used for this 
study represents management conditions that 
would be duplicated in many commercial egg 
producing areas of the United States. The data 
show that a significant fraction of a dose or 
doses of I'*! ingested by the laying hen could 
find its way, via the egg, into the human food 
chain. As has been demonstrated with stable 
iodine the major portion of the I/%! becomes 
located in the yolk. It is interesting to note 
that 90 per cent of the ingested radioactivity 
was excreted within 24 hr. Of that remaining 
in the body, most was accounted for as [*! 
incorporated into ova that are in the process of 
depositing yolk material prior to being formed 
into eggs. Little of the I?*! was located in the 
edible fleshy portions of the bird. 
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The time necessary for the yolk to exhibit its 
maximum content of I}*1 was 6 days in both the 
single and multiple dose experiments (Figs. 


9 
and 5). Thus, the hazard from I'%! would be 
more critical several days after the hens were 
briefly exposed to I'*! rather than immediately. 
In contrast, the milk of cows given a single dose 
of I'3! could be expected to show maximum 
levels in a few hours and then decline rapidly. 

Other radioisotopes of iodine as well as I}! 
are produced in large amounts during nuclear 
fission. Most of these, however, have short 
half-lives which, hazardwise, compensates for 
their relatively abundant production. Of these, 
[133 is the most significant since it has a rela- 
tively long half-life of 22 hr. Using Fig. 4 one 
would estimate that the short half-life 
prevent [183 and the other short-lived 
iodines, from being as pressing a problem as 
[31 under both single and multiple exposure 


would 
radio- 


conditions. 

Also, the data of Fig. 4 have significance in 
showing that where laying hens were ingesting 
[31 over a period long enough to allow the 
establishment of an equilibrium level of I'*! in 
the eggs, complete removal of the contaminating 
[131 of the food or successful remedial measures 
could be expected to show significant declines 
in egg yolk I’! only after a lag period of about 
a week. This is unlike milk where the decline 
is quite rapid. 

It should be kept in mind that the albumin 
of egg was quite unlike the yolk in its reaction 
and that it appeared to reflect the levels of I!*! 
in the body more than did the yolk. The 
albumin, along with the flesh of the hen, would 
be a safer source of food for the human popula- 
tion after a nuclear incident than would the 
egg yolk. 

A question yet to be answered is the likelihood 
of contamination of the food supply intended 
for feeding to poultry. One would suspect that 
unless inhalation was a major pathway of up- 
take, only poultry allowed access to ranges or 
exercise yards would show significant levels in 
their eggs. Thus evaluation of the hazard likely 
to be encountered would depend on _ the 
agricultural practices typical of the immediate 


area. In the United States, where most hens 
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are confined and fed commercial grain mixes 
that have undergone considerable storage since 
harvesting, the likelihood of contamination is 
low. Also, additional protection is afforded 
the human population by the delay encountered 
in collection, transportation, grading and storing 
that eggs usually encounter on the way to the 
consumer. In some areas, where small flocks of 
chickens are kept, it is customary to allow 
chickens access to the outdoors. Such a situation 
could result in high relative amounts of ['%! 
being found in the eggs. 


SUMMARY 


[431 was administered orally to 


1) Iodide 

laying hens daily for a period of 19 days. 
Steady state occurred at about 7 days, with 
8 to 9 per cent of the daily dose being found in 
the eggs each day from the seventh through the 
nineteenth days. 
2) Approximately 90 per cent of the daily 
dose was lost from the body each day. The 
amount remaining in the body after 19 days of 
daily intake was equivalent to 70 per cent of 
the daily dose. 

(3) Of the radioactivity of the egg, the major 
portion was contained in the yolk, which 
required 7 days to come to a plateau value. 
The albumin and shell contained little radio- 
activity and equilibrated with the dietary [)*1 
within a day or so. 

4) Intravenous injection of I'*! gave the 
same distribution pattern as oral I'*!, After a 
single dose only 10 per cent was left in the body 
at 24 hr. In the next 6 days the remaining 
activity was lost mostly through the eggs, very 
little appearing in the excreta. 

5) After a single dose of I)*! the maximum 
value in eggs was observed on the sixth day 
after dosing with the time pattern being 
governed by accumulation in the yolk. 
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Abstract—Teletherapy sources encapsulated in the United States and Canada from 1954 to 
1959 were generally of the standard, single capsule, sealed type. One feature of the standard 
capsule was believed to be its tight seal and its ability to maintain this integrity. Late in 1958, 
a standard capsule source at the Oak Ridge Institute of Nuclear Studies (encapsulated 1} 
years earlier with cobalt-60 metal pellets) developed a leak. This leak resulted in from 30 to 
100 mc of activity being released before it was detected. Subsequent investigation of other 
sealed sources in the United States revealed that thirteen of 200 standard teletherapy capsules 
had developed leaks. A review of the possible causes of leakage, and of the standard capsule 
design, fabrication, sealing and initial and subsequent leak testing, has resulted in recommended 
changes to reduce the probability of future capsule failures. The incidence of failures already 
encountered, however, has made apparent the importance of routine leak testing of encap- 


sulated sources. 
INTRODUCTION It was recognized in the early design develop- 
A sEALED source is generally defined as being ment of teletherapy units that they must be 
any source that is encased in a capsule designed inherently safe and that a desirable feature 


to prevent the leakage or escape of the radio- would be the standardization of source capsules 


active material. The importance of preventing so that sources could be interchanged between 
uncontrolled leakage of radicactive material units.“ Thus a source that through decay was 
was recognized in the early 1900’s. Radium no longer adequate for one program could be 
sources made at this time were frequently transferred to another teletherapy unit that did 
encapsulated. ‘These capsules, however, some- not require so high a radiation output rate. 
times failed, and widespread contamination ‘The design of the first standard cobalt-60 
often resulted with the attendant risk of persons — teletherapy source was selected by the members 
ingesting or inhaling the radium or radon. The of the X-ray industries, Atomic Energy of 
risk of source capsule failure is not a new Canada, Ltd., and the United States Atomic 
problem. Energy Commission in November 1953.) 


When, in the late 1940's, radioisotopes 
DESCRIPTION OF THE FIRST STANDARD 


COBALT-60 TELETHERAPY CAPSULE 

Most of the cobalt-60 sources produced for 
teletherapy units after January 1954 were of the 
standard cobalt-60 type. This was a single 
capsule, sealed by means of lead O-rings. The 


became generally available, medical personnel 
recognized that the radiation from one of these 
isotopes, cobalt-60, could be used to advantage. 
Cobalt-60 offered a means of treating patients 
with photon energies in the supervoltage range. 
To produce photons of comparable cobalt-60 
energy, two-million-volt peak X-ray units were 
required. These units are expensive to build 


capsule (Fig. 1) consisted of a cap of tungsten 
alloy. Tungsten alloy was chosen because of its 
high density, its cost, and its ability to be 
machined. By placing the high density tungsten 
close to the source, where it could be used to 
best advantage as shielding, the overall weight 


and maintain. 


* Under contract with the United States Atomic 


Energy Commission. Presented at the meeting of the 
Health Physics Society, 1 July 1960. of the teletherapy unit could be reduced. The 
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end of the cap was open, thus permitting the 


y-rays to pass through unattenuated in the 


direction of the useful beam. A cup of stainless 
steel fitted the A tungsten plug 
designed according to the shape of cobalt to be 


into cap. 
inserted was then fitted into the cup. Two lead 
rings were used to seal the unit. The first 
O-ring fitted at the shoulder of the plug, and 
the second fitted at the lid of the stainless steel 
1000 


hence, they were loaded remotely. To load the 


can. The units normally held curies ; 
capsule the cobalt-60 was placed into the plug. 
The plug was then inserted into the stainless 
steel can, and the cap was placed over the can. 
With the lead O-rings in place, the units were 
screwed together with sufficient pressure to 
cause the lead O-rings to cold flow and form a 
leak-tight seal. 

The units were then leak tested by the wipe 
method. This method consists of wiping the 
source capsule with filter paper and checking 
the that 
showed con- 


wipe for contamination. Sources 


negligible contamination were 


sidered properly sealed. These sources were 
then held for about 30 days, when a subsequent 
leak test was made to ensure that the seal was 
maintained. If the source capsule passed both 
leak tests, it was shipped to the purchaser for 


installation in the teletherapy head. 


DESCRIPTION OF REPORTED 


The design of the capsule and its testing 


LEAKS 


before being used were believed in 1953 to be 
adequate for the prevention of leaks. In fact, 
leak after installation of the 
source was not required by the Atomic Energy 
The NCRP in the National 
Bureau of Standards Handbook 54, Protection 
( obalt-60. / 


routine testing 


Commission. 


Against Radiations from Radium, and 


Cesium-137, did, however, mention that smear 
testing of the source should be carried out. 

was encapsulated in a 
1957 
standard wipe leak test, was placed in an Oak 
Ridge Institute of Nuclear Studies teletherapy 
About a half later, a leak 
developed contamination re- 


A source, which 


standard capsule and had passed the 


unit. year and a 


and moderate 
sulted. The capsule contained about 650 c of 
cobalt-60 in the form of cobalt metal pellets. 


The manner in which the ORINS leak was 
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detected is of interest, for some of the leaks 
noted at other installations were detected in a 
similar manner. A routine smear contamina- 
tion check of the medical facilities had indicated 
that While a 


recheck of the areas was being carried out to 


slight contamination existed. 
determine the source of the contamination, a 
technician who had been working in the tele- 
therapy rooms approached a Nal detector used 
to scan patients. The scaling unit attached to 
the detector began to indicate the presence of 
When _ the 


retreated and reapproached the detector, it 


radioactive material. technician 


was immediately apparent that he con- 
taminated. A the 
indicated that it was cobalt-60. 


was 
spectrum of contaminant 
Monitoring of 
the 


worked, showed that contamination was more 


the teletherapy areas, where technician 
widespread in these rooms. Subsequent survey- 
ing showed that the contamination was from 
teletherapy head no. | of a two-headed tele- 
The 
analysis of the many surveys and analysis of 


therapy unit. estimate made after an 


smears taken in the teletherapy area and in the 
that 
been 


cone of the teletherapy head indicated 
100 cobalt-60 
Contamination of the medical facili- 


from 30 to mc of had 


released. 
ties, although extensive, was not too difficult to 
cleaning 


only standard 


|, (3) * 


decontaminate and 


methods were requirec The early detection 
of the leak and the control procedures used for 
the subsequent decontamination of the area 
were sufficient to prevent personnel exposures 
in excess of one-tenth of the permissible external 
and internal radiation exposures. ‘The tele- 
therapy head containing the leaking capsule 
was sealed in polyethelene and the head was 
removed from its yoke. The head was sent to 


the Oak Ridge National Laboratory 


a hot cell, the source was removed and examined. 


g where, in 
There was no external, visible sign of damage 
to the capsule. The source was removed from 
the capsule and the capsule and seal were 
examined. Some damage to the lead seal was 
noted. 

Since one leak had occurred with the standard 
capsule, it was deemed advisable to conduct a 


pilot study and get in touch with some owners 


* Reference (3) gives a detailed description of the leak 


and the problem of decontamination. 
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of this type of source capsule and have them 
leak test their unit. At 
about 200 of the old O-ring standard capsules in 


this time there were 
use. Most of these sources were made by the 
Oak Ridge National and the 
Canadian Chalk Rivet Fifty 


owners of the old capsule type of sources were 


Laboratory 

Laboratories. 
requested to leak test their units. The results 
in that there were no other 
The leak testing technique 
vas similar to that recommended in NBS 
Handbook 54. Chis 
smearing with a piece of filter paper either the 
that 


vere favorable 


leaks. 


apparent 
used 
method 


unit come into 


capsule or parts of the 


proximity with the capsule during some part of 


" 
3-9 


its movement. 


Since the request for leak testing was made, 


thirteen of the 200 standard capsules have 


developed leaks Incidentally, although non- 


apsules are not included in this 


that 


tandard 


report, it is known three capsules of 
nonstandard design have developed leaks. 


leaks 


howevel1 ; depended 


Decontamination costs for these were 


vs high. ‘The 


yon how soon the 


costs, 
leak was detected after 
ted, the size of the leak, and the nature 
room in which the leak occurred. 

rHE 


CAUSE OF LEAKS 


\lthough it is impossible to give the exact 


cause of the leak 


were not carried out, causes can be postulated. 


because complete studies 


One cause could be that the seals initially were 


not complete and that the test method used 


initially was inadequate. ‘The method, as men- 


tioned earlier, was the [his method 


not a critical one because it does not actually 


{ 


measure the integrity oO} the seal. 
For all leaks reported to date, there was a 


lelay of more than one year between the 


encapsulation and the time that the leak was 


noted. This may be attributed to the fact that 


the source is a metal and many of them are 
coated with gold or nickel to prevent the surface 
from oxidizing. It is believed that cobalt oxide 
is the material that leaked from the capsules; 
if so, it would have been restricted in its forma- 
tion and release. ‘Therefore, a period of time 
would have to elapse before sufficient cobalt 


oxide was available for release. 


IN STANDARD SEALED 


consists of 


TELETHERAPY SOURCES 


Another possibility is that the seal was good 
at the time that the source capsule was checked, 
and that it failed only later. Seal failure could 
have been brought about by two causes. One, 
the failure could have resulted from the mechani- 
cal movement of the capsule or by the movement 
of the source itself inside the capsule. In 
general, the source is prevented from moving 
by means of shims. Repeated movement of the 
source could possibly have caused the failure 
of the mechanical seal, for lead acts like plastic 
and does not resume its original shape if de- 
formed. ‘The second possibility is that the heat 
generated by the source could have caused the 
seal to fail by causing expansion of the com- 
ponents, or could have melted the O-ring seal 
and caused it to flow. On cooling it would 
not return to its original shape. A kilocurie of 
cobalt-60 under certain conditions could reach 
a temperature high enough to cause this to 
occur. In most teletherapy units, however, 
there is a large heat sink in the form of the 
shielding and the shutter wheel to carry off the 
heat and prevent excessive temperatures from 
developing. In the loading, transfer, or storage 
of the source before loading, there is not always 
such a desirable heat transfer medium and 
high temperatures could be attained. The lead 
O-ring of the ORINS source that failed was 
The 


from 


damage 
melting. If 
believed 


damaged in place. was 
that 
failure was due to melting, it is not 


taken place in the 


one 
similar to expected 

that the melting could have 
teletherapy head because of the vast heat sink 
available to the source. In storage before 
however, there were times when the 
transfer. 


loading, 
source was in air with limited heat 
The O-ring failure may have occurred at this 
time. This, however, does not explain why the 
leak developed many months after the source 
was placed in the unit. 
DESCRIPTION OF THE NEW STANDARD 
CAPSULE 

Because the difficulty appeared to be at the 
O-ring seal, it was realized that the old standard 
capsule was not adequate, and that a new type 
seal was required. ‘The size of the capsule was 
retained in order to permit the continued 


interchange of the units. The new capsule, 


Fic. 1. Old standard teletherapy capsule. 


‘w standard teletherapy capsule. 
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recommended by the Fifth X-ray Industrial 
Conference in December 1958") is shown in Fig. 
2. The capsule consists of a stainless steel can into 
which the cobalt is placed. The can is closed 
with a Heliarc-welded cap.‘® The sealed can 
is then placed in another stainless steel cup. 
A cap is placed on this cup and the unit is 
Heliarc The source is now 


welded closed. 


encapsulated in a double can, both of which are 


welded closed. As a check on the integrity of 
the seal, the capsule is leak tested by the heated 
water or helium leak test method before being 
installed in a teletherapy unit. The leak test 
methods now used actually measure the integrity 
of the seal. A wipe test, however, is still per- 
formed to determine the degree of contamination 
of the outside coniainer. 

The capsule after passing the leak and wipe 
test is placed in a capsule holder that has the 
same outside physical dimensions as the old 
standard capsule. Most of the units now being 
made are of this type. To date no failures of the 


new capsule have been reported. 


SUMMARY 

It is known that 
teletherapy capsules, encapsulated in the stand- 
O-ring capsule have 


developed leaks. 


now thirteen cobalt-60 
teletherapy 
About 200 of these capsules 


ard type 


are still in service. It is impossible to state the 
cause of the capsule failures that have already 
occurred, or to state that all the capsules that 
are going to fail have already done so. Certain 
general things can be said. Capsules that have 
leaked were in for more yeal 
before leaks Also the 
that leaked usually resulted in rather widespread 


service than a 


occurred. cobalt dust 


contamination before detection. 
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Until recently, AEC regulations did not 
require the routine checking of cobalt tele- 
therapy the 
AEC now requires leak testing every 6 months. 


The new teletherapy capsule has been designed 


capsules for leakage; however, 


to reduce the possibility of leakage; however, 
it must be remembered that during the initial 
design work of the old capsule it was believed 
that the initial capsule leak in a 
The problem of ensuring the 


‘“wouldn’t 
million years.” 
integrity of capsules should be re-examined at 
each site, and especially at sites using the old 
type of capsule. Although this paper has dealt 
only with teletherapy sources, a comparable 
number of leaks has been noted for other uses 


of sealed sources. Periodic leak testing should 
be carried out regardless of the type of capsule 
or its use, if the problems of contamination and 
the attendant high cost of decontamination are 


to be avoided. 
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Abstract—Oral administration of Diamox 
10 days ell 


peritone ally to rats 


de S( ribed by the 


differences between the control and treated groups. 


were not signilicant 
Diamox treatm 
largest rate constants. 


radiation d 


INTRODUCTION 


2-ACETYLAMINO-1 :3 :4-THIADIAZOLE- 3-SULFON- 


AMIDE (Diamox) is a diuretic and acid base 
regulator of low toxicity, which acts specifically 
to inhibit carbonic anhydrase. Diuresis results 
from the effect of the drug on the reversible 
reaction H,O CO, s+ H,CO, occurring in 
the kidneys. The net 
HCO, 


walter, 


result 


One 


reasonably expect this compound to accelerate 


sodium and _ potassium. might 


the excretion of other monovalent cations suchas 
Metabolic 


among rubidium, cesium and potassium have 


rubidium and cesium. similarities 


long been recognized."~*®) The purpose of this 
study was to investigate the effect of Diamox on 
137 


the excretion of Cs by rats. 


Cesium-137 is a high yield product of uranium 


and plutonium fission, which is readily absorbed 


from the intestinal tract and deposited pre- 
dominantly in One must 
sider the potential hazard from radiocesium as 


muscle tissue. con- 
a by-product of large-scale power production 
and other peaceful uses of nuclear energy. 

the auspices of the U.S. 


* Work performed undet 


Atomic Energy Commission. 


at levels of 6.5, 


is a renal loss of 


ion and subsequent increased loss of 


Me Xie Oo 


196] 


12.8 and 27.0 mg/kg per day for 


ited similar responses in accelerating the excretion of Cs!8? administered intra- 
Che Cs!8* retention functions for treated and untreated groups could be 


sum of three exponential components. Analysis of variance showed significant 


Differences among the treated groups 


nt increased the turnover rates of the two components normally having the 
Che net effect of enhanced excretion was a 20 per cent reduction in the 


lose received by the Diamox-treated animals as compared with control animals. 


METHODS AND MATERIALS 
adult male 
These animals were 64 days 


Twenty-four Sprague—Dawley 


rats were used. 
old at the time of the experiment and weighed 
ya bo Me 7.1¢ (X +o). Each animal was in- 
jected intraperitoneally with 0.75 yc of carrier- 
free Cs!8" as the chloride in 0.1 ml of solution 
adjusted to a pH of 5. At 30 min following 
administration, the animals were divided into 
four equal groups and the Cs!** activity in 
each animal determined by whole body count- 
ing with a 47 liquid scintillation detector.‘ 
Activity measurements were made at subsequent 
intervals over a 76-day period. 

Immediately after administration of the 
Cs!87, all animals were placed on a dietary 
regimen which consisted of Purina chow and 
tap water ad libitum. Diamox was added to the 
drinking water of the three experimental groups 
to give concentrations of 0.045, 0.090, and 
0.180 mg/ml, respectively. Diamox treatment 
was continued for a period of 20 days. The 
average daily Diamox intake per kg _ body 
weight was calculated from the average weight 
of the animals and their daily fluid intake. 
Daily intake of Diamox by the three experimental 
was 12.8 and 27.0 mg/kg, 


groups 6.5, 
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Table | 
was used as an indication of the physiological 
condition of the animals during the experiment. 
No observable differences were found between 


respectively Increase in body weight 


control and treated groups. 

At completion of the experiment, the Cs!** 
whole body retention data were coded for 
analysis by a 704 computer, which was pro- 
perform iterative least 
Coding 
at each time (t 


grammed to square 


calculations. procedures called for 


retention values (Y and the 
estimated intercept and rate parameters of the 
retention function. Each value of Y was weighted 


The 704 


procedure avoids the subjectivity associated 


by a factor proportional to 1/Y. 


with eye-fitting a line to a number of experi- 
mental points and, by iteration, assures that 
best fit 
all components simultaneously. 


criteria are equally applicable to 


Preliminary 


Table 1. 


and 


J. E. FURCHNER 
graphic analysis of the retention data suggested 
the presence of three exponential components. 
The integral of each retention function from 
bt, to ft. 
the effect of Diamox 
Total 
function was selected as it is proportional to the 


was calculated and used for assessing 
intake Cs187 
under the retention 


levels on 
retention. area 
total number of atoms which disintegrate within 
the body and, therefore, is proportional to the 
radiation dose. The contribution from physical 
Cs!8* to the 
insignificant because of its long half-life 


28 years 


decay of 7 retention function is 


about 


RESULTS 


whole body 


Table 1 


retention values for each group of six rats at 


gives the average 


each time of measurement. In each case, 


whole body retention between 0 and 76 days 
could be described mathematically by the sum 


Average whole body retention per cent) of Cs}%7 as a function of time in control 


and Diamox-treated animals 


100.00 100.00 
84.70 2.06 90 
75.91 é 7.28 
68.60 YB 59.89 
54.50 Zz. 36 
51.09 2.6: 43.26 
41. 
34.: 
30.78 


» 


ys 


> 
s] 
> 
) 


0.69 
0.52 
0.41 
0.32 
0.22 
0.17 


* Groups A, B, C and D (six animals each 


respectively. 


xX)? | 
r | 


correspond to daily intakes of 0, 


Group* 


00 
04 
71 


a 


Oo 
as 


53 
.20 
.86 
.70 
28 
0.95 
0.77 
0.49 
0.33 


~S NO DO O&O OC OO bo ¢ 


— — oe 


and 27.0 mg Diamox/kg, 
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of three exponential components. At 76 days 
after administration, the retention of Cs!**7 had 
\ factor of 100 in the 
group. Long-term experiments with rats at 
this that €x- 


ponential components are not needed to de- 


decreased by a control 


laboratory indicate additional 


scribe Cs!37 retention functions out to 140 days, 


at which time the original burden had decreased 


by a factor of 104. 
lable 2 gives the machine calculated values 


for the intercept and rate parameters that 


describe each exponential component of the 
total retention curve for each group. The area 
under each exponential portion is given and is 
expressed also as a percentage of the area under 


the total retention function. Total area unde1 


the retention functions for groups receiving 


Diamox treatment averaged ~&0 pet 


for anim; ing no Diamox. 


DISCUSSION 


(An analysis of variance using retention values 


for all animals of each group at each time of 


measurement showed that there were significant 


} 


differences among all the groups at the 5 pe 


cent level. DuNcAn’s test’) was then applied 


and indicated that the controls differed signifi- 


cantly rom each of the treated groups but 


that no significant differences existed among the 


treated groups. Additional tests were performed 


to test for significant differences ) per cent 
level) between the average retention values for 


those for all othe 
On days | 


group A differed only from group B. Group A 


i 


each group and groups at 


each time of measurement. and 2, 


differed onl 
On day lb, 
LD At all 

] 


the treated 


from group D on days 58 and 69. 
groups ( 
A differed 


group A differed from 


and other times, group 


each of croups. ‘There were 
no differences among the treated groups except 


B and D on 
that the 


between groups day 76. [hese 


data indicate various Diamox treat- 


] 


ment le vels eli ite d Similar responses among the 


treated grou 

Che most noticeable effects of Diamox treat- 
ment on the total retention pattern are reflected 
in the intercept values of the third exponential 
portion and in the values of the rate constants 
The rate 


constant of the third component of the retention 


of the first and second components. 


DIAMOX 


cent of 


ON Cs? EXCRETION BY RATS 

functions for all four groups was essentially the 
same. Cesium-137 atoms associated with the 
first and second components apparently are 
excreted at an increased rate from the animals 
receiving Diamox. This smaller 
fraction of the administered dose available for 
deposition at sites which lose Cs!8* atoms at the 
slowest rate. Assuming each component of the 


leaves a 


retention curve represents a body compartment, 
the net effect of Diamox treatment is an 
increased rate of loss from the compartments 
which normally have fastest and intermediate 
Rate of loss of Cs!87 bound in 
the turnover 

Diamox, indicating 


turnover rates. 


the slowest 


compartment with 
rate is not increased by 
that elimination from this compartment is not 
However, as a 


renal function. 


consequence of accelerated loss from the other 


governed by 


two compartments, relatively less Cs!** is bound 


compartment with the smallest rate 


This is of practical significance with 


in the 
constant. 
regard to radiation exposure, as the major 
fraction of the radiation dose is related to the 
compartment with the slowest turnover time. 
Because of the direct proportionality between 
and total given in 
the total dose delivered to the Diamox- 


about 20 


radiation dose the areas 


Table 2. 
treated animals 
less than the dose received by the nontreated 


would be per cent 
group. 

Che technique of comparing areas under the 
whole body retention functions to assess the 
effect of various treatments has several distinct 
advantages over the commonly used techniques 
in which the activities excreted by the different 
groups are compared at several days or a week 
administration. Examination of Table | 
the Cs!8? 


between the control and treated groups varies 


alte! 


shows that difference in retention 


with time after administration from ~9 per 


} to ~34 per cent on day 76. 
the 


cent on day 


(Thus a single observation of difference 
between control and treated groups would yield 
relatively little Use of the 47 
whole body counter allows one to make repeated 


the 


information. 


precise measurements of the activity in 
same animals following administration of ex- 
tremely small doses of y-emitting radionuclides. 
This technique can be extended to some /- 
emitting radionuclides by using similar, but 


1g 
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Table 2. 


Diamox C 
iomponent 
mg/kg per day I 


0 
0 
0 


| 
0 
0 


| 
UO 
() 


From R 
respective ly, and 
0.6095 
T, 


Total area is ol 


tained by integrating the retention 
more sensitive, counters which are capable 
detecting bremsstrahlung. 

Excretory patterns of radiocesium in rats have 
| MRAZ to 


DY in- 
foodstuffs the 


diet.‘® 


been shown and others be 


fluenced by natural in 


After assimilation by the body, however, organi 


compounds such as parathyroid extract, corti- 
little effect 
Alterations 
might 
C5187 
Results of this investigation indi- 
to 


sone, and dinestrol diacetate show 


on altering the excretory pattern.) 


in dietary potassium levels, as one 


reasonably expect, to accelerate 


(10 


appeat 
excretion. 
that 
degree the excretion of Cs!?. 


cate Diamox also enhances a limited 


This finding is 


consistent with a large body of information 


per day ' 


023 
.12240 


£05487 


function 
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Parameters of Cs'8" retention functions for control and Diamox-treated rat 


k* \reat 


fraction 


of total 


75918 
.10094 


.0518 


968.7 


1312.2 


.66093 
.12042 
.04759 


725 


1395 


.12110 


05459 


tion < 


[ror 


which shows that potassium and cesium appeat 


to be physiological analogs. 


SUMMARY 

ol 
12.8, and 27.0 mg/kg per day for 20 days 
the 


| administration of Diamox at levels 


2, 


similar in accelerating 


137 


elicited responses 


excretion of Cs!** administered intraperitoneally 
to A 
used to determine changes in Cs!" activity in 
The 


whole body retention functions for treated and 


rats. 7 liquid scintillation counter was 


the live animals for a period of 76 days. 
untreated animals were then reduced into three 


exponential components by a 704 computer. 
Diamox treatment increased the turnover rates 
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of the two components normally having the 
Che net effect of the 
reduction of 
pel cent in the radiation dose received by the 


largest rate constants. 


enhanced excretion was a ~20 
Diamox-treated animals as compared with non- 


treated animals. 
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Abstract 


which are varying in a way similar to those from the 


1960 


\ device is described by which laboratory animals may be irradiated at dose rates 


The 


y-radiation from radioactive fallout. 


animals are moved relative to a fixed source of cobalt-60 in such a way that the dose-rate to 


which the animals are exposed varies as a power function of time. Experimental verification of 


the theory of the device is presented. 
in a particular time interval is described. 


The LD,, 


1008 r when the dose was delivered at a constant dose rate over the same time interval, or 5531 


9 


for mice exposed to simulated fallout of 96 hr duration was 1109 r compared to 
i 


\ method of ac hie ving a range of total exposure doses 


? 


when it was delivered at 65/min using a 250 kV X-ray source. 


INTRODUCTION 
ALTHOUGH total dose is recognized as the most 
the the 


response to 


important factor in production of 


physiological ionizing radiation, 


the significance of dose rate and over-all time of 


The effects 


of single, intermittent, and protracted exposures 


irradiation is also well established. 


to ionizing radiation have been studied in a 
wide range of biological material. In general, 
fractionating the dose or reducing the dose rate 
has been shown to decrease the severity of the 
immediate reaction.“—®) 


Observations made in test areas after the 


detonation of nuclear devices indicate that the 
exposure dose rate due to the y-radiation from 


fallout 
4) 


early varies as a power function of 


time. ' In view of the importance of dose rate 
in dose-response relationships it is of interest 
to study the response of laboratory mammals 
to this kind of irradiation, and to compare it 
with the response under conditions of constant 
dose rate. 

This report describes the construction of a 


* Work supported by a Grant DRB 9910-20 and 9310 
Defence 


address: 


) 


27 from the Research Board of Canada 


+ Present Cancer Clinic, Victoria Hospital, 


London, Ontario, Canada. 
Shell 


* Present address: Research Laboratories, Fins- 


bury Circus, London, England. 


device which makes possible the irradiation of 
small laboratory mammals at dose rates which 
are varying in this way. The desired variation 
of exposure dose rate is obtained by altering 
the distance between the target material and a 


1c of 


This distance is slowly increased in 


fixed point-source of approximately 
cobalt-60. 
such a way as to transform the inverse-square- 
the 


The source activity is con- 


law dependence into required power 


function of time. 


sidered to be constant during the period of 


each experiment. 


DERIVATION OF THE GENERAL 
EQUATIONS 
The exposure dose rate at a point within the 
fallout 


time as the 


zone will be expected to increase with 


of fallout 
A peak dose rate 


activity material in its 
immediate vicinity increases. 
reached when the eflects of decay and 


A short time 


will be 
the rate of deposition just balance. 


after this, the variation of dose rate with time 


has been observed™ to follow the empirical 


relationship: 
R, x é 


where R, is the exposure dose rate in roentgens 
per hour at the point of interest, ¢ is the time in 


hours after detonation, and m is a constant 


\ SIMULATOR FOR »-RAY 


the distribution of 
If this 
initial 


determined principally by 


relation is 


hission produc ts species. 


considered valid between an time /{ 


and final time the dose rate at any time 


is given by: 


f 


r } 


R, R,,(-) r/hr 


Lhe dose-rate R. with 


distance x cm from a long-lived point source of 


iriation of exposure 
activity VU mec and specili V-ray emission K 


1] I | , 
. r-* 18 given Dy 


cm* r m 


VK 
R 


| and 
that R leads to 


equation tor the 


compination ol 
requirement 
motion of the targe 


vhere the refers to the initial 


ubscript 
condition. If the subscript f refers to the 


end of the then 


] 
eled bh, tne 


onditio at experiment 


the dista ; Tray target during the 


the target 


dose at 


t,) of the experiment 


iS 


be evaluated for all values 


particular case m Is 


| 1s 


alues of ¢. and it is to be 


dose E 


and the distance traveled 


For a ( hosen set ot \ 


noted that the integrated exposure 


if? 
the final distance x,, 


ill depend upon the choice of x 


DEVICE 


the fallout 


DESCRIPTION OF THE 


Fic. | shows the arrangement of 
device. The 45-« 
in a small capsule which can be exposed by 


cobalt-60 source is contained 


EXPOSURE 


FROM NUCLEAR FALLOU' 


Ww 


- 


2. Diagram for control mechanism of 


fallout device. 


moving it from a storage castle to a predeter- 
mined position using controls outside the pro- 
A carriage, made of light metal 
animal 


tective walls. 
and plywood and supporting plastic 
cages, runs freely along two sets of tracks in a 
the 
is constrained 


direction radially outward from source. 


Che movement of the carriage 
by the rotation of a motor driven shaft whose 
radius varies along its length in a regular 
manner, as depicted schematically in Fig. 2. 
Che shaft is enscribed with a closely spaced 
helical groove from which a cord unwinds as 
turns. A 


from the source against this con- 


the shaft falling weight pulls the 


away 
Che shaft turns at a constant rate, but 


cages 
straint. 
since the radius changes along its length, the 
leneth of cord unwound decreases with each 
successive revolution. In this way the exposure 
dose rate is made to vary as the power function 
of equation (| 

In the the 
assumption is made that the radius at any 
point along the shaft is great compared to the 
spacing between adjacent turns. On this as- 


sumption the length of the cord unwound pet 


design of tapered shaft, the 


revolution is just equal to the circumference of 


Fic. 1. Arrangement of the fallout device. 
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the shaft at that point. The radius of the shaft 
at the position of the nth turn can be readily 
calculated by: 


x(t. 


) 
447i 


where ¢,, is the time to the end of the nth turn. 
It is seen that the spool dimensions depend 
upon the choice of x; and ¢; and the exponent m. 
100 
cm, m , 106 hi 
after Thus the time interval of 
the experiment Af 96 hr. Since 
motor turns at a speed of one revolution every 


The shaft was designed on the basis of x, 
1.2, { 10 hr 


*“detonation’’. 


and {f 
the drive 


2 hr, there are forty-eight turns on the shaft. 


Geor ratio ( 


7” 
@ 
Y 
c 
) 

2 

5 =) 

3 
€ 


yrafec exposure dose 


Fic. 3. 


] xposure¢ dos 


1 
each was evaluated from 
and 


The radius of turn 
the shaft 


The total leneth of 


constructed 
the 
groove, and hence the total distance traveled by 


At is given by: 


equation (6 was 


accordingly. helical 
the target in 


? %) . 
512 cm Y 


[hese choices of the parameters result in an 


accumulated total dose during the exposure 


period which depends solely upon the activity 
of the This 


since a range of total doses is required. It is 


source. limitation is undesirable 


possible to achieve a range of total doses by the 


MacDONALD 


and C. G. HUNTER 


Fic. 4. 


Dose rate as a function of time. 


use of different values for the initial distance 4 
Fig. 2 


between the tapered shaft and the target cages. 


and by the insertion of a ratio device 
By this means the distance moved by the target 
in the 96-hr period can be varied, even though 
the tapered shaft still unwinds a length of cord 
equal to Ax. 
E.,, the initial 
moved by the target AX, and the ratio of the 
radii of the intervening rollers § are all inter- 


It is found that the total exposure 


dose distance x., the distance 


related. This is illustrated in Fig. 3. 
lar choice of 
initial 


AX. 


A particu- 


determines the value of the 


distance x,, which in turn determines 


The turns ratio § is then given by: 
AX ? 
Ax 
TEST 
sts of the device are 
+6. In Fig. 4 1s 
| 


measure d 


100 


| 


results of te illustrated in 


shown the calculated and 


exposure dose rate as function of time 


from the _ be ginning ol the experiment, under the 
Lhe exposure 


a Victoreen ‘“‘Rada- 


constructed 


conditions 100 cm and n hon 


dose rates were measured using 


con” dose-rate meter with a specially 


Integrated dose. 


\ SIMULATOR FOR y-RAY 


EXPOSURE 


FROM NUCLEAR FALLOUT 


. 6. Extreme 


variation of 
the 


principal 


cobalt-60  thimbl chamber 


Phe 


integrated exposure dost vith under Sam<¢ 


: 
conditions is shown i ig. 5. Since the 


1 


biological target laboratory mammal, the 


ange ol plastic animal 


arrlage 


exposure ( rates within 


mounted on th tars r has been 


cages 


xponent (7 


Table 


Statistic* 


508 to 602 


$.94 


Confidence limits 


Slope of regression linet 


variation of 


dose rate. 

determined throughout a typical experiment. Some 
of these cages are of necessity slightly to one side of 
the axis of travel, so the variation of dose rate from 
cage to cage iS greatest at the shorter distances as 
These investigations indicated 
to the 


illustrated in Fig. 6. 
that the 
animals is of the order of 4 per cent and is well within 


extreme variation of dose delivered 


the statistical limits of biological response. 


In future experiments it will be of interest to 


determine the effects on biological response of chang- 


ing the exponent m. 
the 


It can be shown that by varying 


initial distance x; and by leaving out the ratio 


device between the tapered shaft and the target 
cages, the value of the exponent m may be varied 
over a considerable range (Fig. 7 This produces 
corresponding changes in the integrated exposure 
dose, when all the other parameters are held con- 


stant (Fig. 3 


BIOLOGICAL STUDIES 
**fallout”’ 


and 32 


the 


mice (323 


Using device, groups of sixty-four 
were exposed to various doses 
96-hr 
time, 


total 


radiation delivered so to simulate a 


to fallout At 


comparable groups were exposed to similar 


ol as 


exposure irradiation. the same 


l 


Radiation procedure 
Fallout Slow 


1109 
1077 to 1141 
14.2 


1008 
975 to 1041 
10.0 


* All estimates of the LD,,,3, and of the regression line differ significantly from each other (P 


+ Regression of probit per cent survival on log dose. 
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doses, but delivered at a constant dose rate over the 
96 hr. A third population of mice received various 
doses at a rate of 65 r/min, using 250 kV X-rays, 
hol 1.0mm Cu). The 30-day survival of all 


groups was observed. The LD5o/3) for each experi- 


mental group was determined using a probit analysis. 
The results are summarized in Table 1. 

The data indicates that the LD,o,3, for a simulated 
fallout exposure of 96 hr duration is significantly 
greater than when the same dose is delivered at a 
constant dose rate over the same time interval and is 
twice the LD,.),, found for X-radiation. Although 
the low RBE factor for Co®® irradiation) relative to 
the 250 kV X-rays contributes to the higher LD,» )39 
value of the slow and fallout groups a significant 


difference still remains. 


MacDONALD and C. G. HUNTER 
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Abstract n using ratios of pairs of elements, such as strontium—calcium and cesium 
potassium, | predict contamination levels, it is necessary to relate the ratio in the dono 
material to that in the acceptor material by means of a coefficient—the discrimination factor. 
If a constant number for any one discrimination factor relating a donor-acceptor system is 


rrors can result because the discrimination factor can change with the degree of mixing 


two elements, with the environment the elements occur in as they move from one link of 


biological chain to the next, and with time. Whether these changes are of practical signific- 
ard control, particularly where only averages are needed, is unknown. 
| and theoretical evidence indicates that variations in discrimination may 


ynditions in the field, and thereby could affect the confidence given to 


yredictions of future contamination levels based on current measurements. ‘This paper 


describes experimental and theoretical studies related to the variability of discrimination, 
suggesting the need for caution in using ratios, and recommends that contamination levels be 


reported in terms of conventional units as well as ratios. 


[HE application of ratios of similar elements to in the soil. It followed that a similar relation- 
radiation hazard assessment has become rather _ ship held for Sr9°: 

general, with the strontium—calcium ratio fre- S90 Sr90 

quently being used to predict the hazard poten- : : 1) 
| l e1ng lt Pp 1¢ iZa 1 po Ca Ca 


: . . ‘ body soil 
tial of Sr®® in the biosphere.) The cesium rl hi | simil Stes 
potassium ratio is aleo being employed Ss at this and similal expressions are Do 
(5137 | fall 43) Of] quantitatively correct was soon evident from 
measuring s*’* trom taliout,*” ner pairs Oo : ‘ ‘ : , ‘ 
' : lar] ; t] f ; results of many studies including extensive 
elements may be similarly used in the future. o 
so work by Comar®~®) and MacDona.p et al.‘ 
[he purpose paper is to examine the an ae : : 
Using radioisotopes of strontium and calcium, 
bases for using ratios of similar elements to ; 
ct the } ha et t] they demonstrated that biological systems can 
prec 1¢ ne laZart que oOo one Oo 1e¢m as icy 7 7 


| 


discriminate between the two elements. As a 
pass through fo hains and eventually to 


result, equation (1) was corrected. The newer 
man. ewer 
relationship is given in equation (2), where the 


RATIOS OF ELEMENT-PAIRS proportionality coefficient is DF, the abbrevia- 


ok 


D tion for ‘“‘discrimination factor’’. 


} 


S90 S90 
Although difficult to establish with certainty, | : DF 
( a acceptor \ ( ia 


it appears that the assumption which led to the procurnos 


use of the strontium—calcium pair in hazard * The coefficient has also been called the distribution 
assessment stated that the ratio ofinert strontium factor") and “‘observed ratio” or OR‘® with DF being 
to calcium in the human body was equal to that '™ rved for the coefficient that relates transfer of the two 
elements between nearly adjacent compartments, such as 

blood and urine. However, since truly adjacent com- 

* Work performed under Contract No. AT(45-1)-1350 partments in physiological systems are difficult to define, 
between General Electri ompany, Richland, Washing- and since the purpose of this paper is to discuss how pairs 
ton, and the U.S. Atomix nergy Commission. of elements are discriminated, DF is believed to better 
\ brief version of this pap vas presented at the convey the significance of the relationship than OR for 


Symposium on Radioisotoy yn 12 October 1959"), these purposes. 
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In using the relationship in Sr*® hazard pre- 
diction, the Sr®°/Ca ratio is measured in a pre- 
cursor, and, from knowing the numerical value 
of the coefficient, DF, the Sr®°/Ca ratio in the 
acceptor is calculated. Results are expressed 
in terms of the ‘“‘strontium unit” 
Sr9° per g For 


precursor pair the DF itself must first be found 


of calcium any acceptor 
by measuring the Sr®°/Ca ratios in the acceptor 
and the precursor. 

A relationship similar to equation (2) has 
the Cs!8*/K ratio to predict 
However, no thorough attempt 


used for 
5137. 


been 
hazards of ¢ 
been made 


has to define the proportionality 


coefficient. It is usually estimated from field 
measurements of Cs!87 from fallout.“ 
Justifications for using ratios 

The convenience of these ratios is undeniable. 
As similar alkaline earth elements, strontium 
and calcium are readily extractable fromsamples 
being analyzed for contamination. The extract 
can then be used to electronically determine its 
Sr®® content and to chemically determine its 
calcium content. Instead of expressing the 
results in terms of the weight of the original 
of the 


material. 


material, they are expressed in terms 
the 


strontium 


weight of calcium in original 


Further, follow 
the 


known, 


since and calcium 


similar metabolic pathways, and _ since 


metabolism of calcium is fairly well 


a 
relating S1 


to calcium by means of the ratio 
appears logical. 
Relating Cs!%7 


somewhat 


to potassium is justified on a 
Like 


potassium 


and 
and are in the 
the table. With 
suitable electronic equipment, it is relatively 
the 
radioisotope of potassium, K*°, at practically 
19137 Since the 
ratio of K*° to total potassium in nature is 
known, Cs!** content of samples can be readily 
This 


sembles the Sr®°/Ca ratio, and it suggests a 


similar basis. strontium 


calcium, cesium 


same group in periodic 


easy to determine naturally occurring 


the same time the ( is measured. 


expressed as a Cs!8*/K_ ratio. now re- 
parallel application of discrimination factors to 
describe the movement of Cs!*7 through food 
chains, although there is no evidence that cesium 
and potassium follow similar metabolic path- 
ways. 


the uwyuc of 


Conditions for valid application of ratios 

Because of the general application of the 
ratio concept in hazard assessment, it may be 
helpful to the 
needed to make the application valid. 
that 
pertain to those applications of ratios which are 


conditions 
The 


because they 


consider some of 


four follow were chosen 
capable of causing errors in predicting con- 
tamination levels based on current measurements 
and on the assumption that the DF is a constant 
number. 

1) When measuring ratios to find a DF for 
a given acceptor—precursor pair, it is necessary 
that the Sr’ the 
acceptor come from the same precursor. For 


and calcium measured in 
example, a DF (bone-diet) cannot be used with 
accuracy if, in deriving it, a significant portion 
of the calcium measured in the bone came from 
the the Sr® being 


measured. 


diet before it contained 


This situation can be encountered 
when deriving DFs from field data. 

2) The pairs of elements should be intimately 
If the 
Sr®9 and the calcium are not well mixed in the 
the 


measured in a sample of the precursor may not 


mixed and combined with similar anions. 


precursor, concentrations of two elements 
be the actual concentrations available to specific 
sites from which the acceptor absorbs the ele- 
ments. If the two elements are not combined 
with similar anions, availability of the elements 
to the acceptor may also differ. In either case, 
if the pair of elements are not mixed or present 
as similar compounds in the precursor, any 
value of the DF measured in the laboratory 
under conditions of intimate mixing will prob- 
ably be different under field conditions, where 
If the DF is 


measured in the field, then, for the DF to yield 


mixing may not have occurred. 


accurate predictions, the degree of mixing, or 
relative availabilities, of the two elements in the 
precursor must not change significantly with 
time. 

>) The DF should be 


precursor’s and acceptor’s environment. Plant 


independent of the 


soil DF’s should be insensitive to changes in 


rainfall and soil types if they are to be 


applied to areas where such differences exist. 


Similarly, animal—diet DF’s should be insensitive 
to changes in dietary constituents. 
+) The DF should be independent of time. 


48 THE USE OF ELEMENT-PAIRS IN 
An animal on a diet which contains a constant 
Sr®°/Ca ratio must contain, at any given time, 
a deposited Sr*°/Ca ratio that is related to the 
If this 


number changes with time, predictions based 


dietary ratio by a constant number. 


on a single value for the DF will be in error. 
Before a ratio is used to predict a hazard, it 

would be most helpful to determine whether 

If they are not, 


the four conditions are satisfied. 


then, depending on the accuracy needed, it may 


be necessary to make allowance for the extent of 
Whether 


concentration e.2. Li 


hich it 


conventional 
2 SI 90 Oo of 
found) would result in 
but 


deviations. the use ol 


units ol 
material in 


greater a uracy is not known, it appears 


that there is need for caution in using ratios of 


elements in predicting future contamination 


level atios seem to lend greater confidence 


warranted, and _ this 


the 


than 1 
appeal to be based on 


nt DF is 


the 


in predictions 
assumption that a 
and is a 


always measurable 


constant. In following, each of the four 


conditions listed is further examined and some 


of the impli ations are discussed 


APPLICABILITY OF DISCRIMINATION 
FACTORS 
Origin of the element-pai 


Apparently no work has been done directly 
to test the 
the 


factors. 


importance of accurately defining 


precursor in determining discrimination 
In fact, it is 


subjective test for it, especially for the cesium 


difficult to devise a non- 
potassium pair, where, because of the lac k ofa 
suitable tracer for potassium, it may be impos- 


sible to prove its origin in biological materials. 


M 


An erroneous DF can result from a difference 


between the quantitl S f the two elements 


measured in one link of a biological chain and the 


quantities wa 4 
link. 
of the 


to be passed on to the next 
(‘his error is the result of a lack of mixing 
if both 


simila 


vo elements, and will not occur 


elements in the precursor link are in 
physical positions and chemical states. 

ComAR et al.‘®) pointed out the importance 
of physical mixing of the two elements and a 
for a meaningful 


that the Sr%/Ca 


consequential 


the 


requirement 


use of strontium unit 
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ratio measured in the soil be the same as that 
which is the Another 
example of the lack of mixing of an element-pair 


available to plant. 
is freshly fallen Sr®® on the surface of vegetation. 
In this case, any prediction of Sr9°/Ca ratios to 
milk the 


measured in soils would be meaningless. 


ratio 
The 


vegetation eaten by the cow was directly con- 


be found in cow’s based on 


taminated, without opportunity for the Sr®® to 
The 


importance of this was emphasized by RussELL, 


become associated with soil calcium. 
who pointed out that the Sr*°/Ca ratio found 
in plants can be represented by a function of the 
sum of the Sr% 


phere and from the soil.“*? 


contributions from the atmos- 


Che mixing error can occur when the Sr?® in 
soil is expressed as a ratio with calcium, for it 
implies that the Sr®° and calcium are equally 
To be 
thoroughly mixed with available calcium, the 
Sr®° which falls out 


the root zone and occupy, so far as the plant is 


available to plants growing in the soil. 
has to dissolve and reach 


concerned, spaces equivalent to those occupied 
by calcium. In addition to physical movement, 
it has to be converted from its original chemical 
form in fallout to a form comparable with that 
of calcium in the soil. 

These physical and chemical transformations 
the time 
quired for the transformations may be long. 
With fresh Sr®° from fallout being added to 
older Sr®® in the soil, it is reasonable to assume 


undoubtedly occur. However, re- 


that the chemical and physical states of fresh 
and older Sr®® differ. The older the Sr®® is, the 
more likely it is that the Sr*°/Ca ratio in soil 
is meaningful. Unfortunately, for purposes of 
hazard prediction, the older Sr*® has physically 
decayed more than the fresher Sr®°. 

Stated of the 


Sr®°/Ca ratio measured in soil is applicable to 


more explicitly, only part 


predicting the ratio that will appear in plants. 
Let us say that the total concentration of Sr90 
in soil is the sum of the concentrations of Sr 


mixed with calcium, S,, and of Sr°® unmixed 


m 


with calcium, §,. The measured value of the 
strontium unit obtained from a sample of this 


soil can then be represented by 


measured S.U. 
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If we say that only the strontium mixed with 
calcium is applicable, then the strontium unit 
which should have been measured is 

plicable S.U om 
applicable $.U. = — 
PI Ca 
The applicable fraction of a given Sr®°/Ca ratio 
measured in soil is then 


applicable S.U. 


measured S.U. 


the Sr®%° in soil is mixed with 


0, the applicable fraction is 


Thus if all 
calcium, S,, 
unity, and all of the measured Sr*®/Ca ratio is 
significant. If none of the Sr% is mixed with 
the soil 
measured ratio is significant. 


and none of the 
With time, Sr? 


freshly fallen on soil will mix with soil calcium, 


calcium, S,, 0, 


and S,, will increase as S,, decreases. 


By means of simplifying assumptions, in- 


2 


teresting values for the applicable fraction of 


ratios measured in soil may be derived: let the 


909 atoms are added to soil be 


90 


rate at which Sr 
constant, and let the rate at which Sr9® atoms 


atoms in the soil be 
90 


mix with calcium 
portional to the number of Sr 


mixed 


pro- 
atoms in the 
soil which are not yet with calcium. 
Specifically, let 

S, be the total unmixed Sr* in soil at any 

time f; 
S,, be the total mixed Sr*® in soil at any time; 
k be the coefficient of mixing: 


q be the rate at which unmixed Sr? 


is added 
to soil; 
A be the physical decay constant for Sr®°. 
The rate at which Sr®® appears unmixed 


the rate at 


in soll 


is expressed in equation (6), and 


which Sr?® appears mixed is expressed in 
equation (7 


the conditions, we assume that S, and 


Q at zero time. 
methods for 


applic ation of standard 


solving simultaneous equations, the following 
solution to the system is obtained: 


that is 
combining 


Sr9° in the soil 


found by 


total 
calcium is 


fraction of 


The 
mixed with 


equations (8) and (9 


10 


equal to 0.69/7, 
This Was done for 
S90 


appear in 


By substituting for 4 9), the 
fraction may be evaluated. 
with 


“half-times for mixing” of 


Values for the 


several 
calcium. fraction 


Table 1. 


Table 


Half-lives in years for mixing 


y Cars SINCE 


fallout starts 


0.001 
0.03 
0.04 


0.07 


that mixing half-time is 


" 


only 0.5 


is inte restins 


50 vears, measured ratio is 


not necessarily mean that 


applicable. his dos S 


the true value of any one ratio is three-tenths of 


the measured value of the ratio, for it is possible 


taken under such 


that the 


sample of soil was 


vield the correct value. In- 
that if 
s, then the 
fallout 


error. If, on the 


condition a to 


stead, it means the mix! half-time is 


ratio—even 100 vears or more 


50 veal 


alte tarts is subject to a 300 per cent 


other hand, mixing occurs 
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with a half-time of | year 
soil LO 


fallout starts, for example, are subject to only 


the Sr9°/Ca 
after 


rapidly 


ratios being measured in years 


a 20 per cent error. 


In actual soil measurements, attempts are 


Sr90 


extraction proc edure. 


and 
(13) 


usually made to find ‘‘available”’ 


calcium by using an 


Although such 


different solubilities due to the different chemi- 


a procedure tends to correct for 


cal forms in which the two elements may be 


present, 1 s not correct for differences in 


patial distribution of the two elements in the 
oil. ‘The 
ly absorb the same atoms that extrac- 
Nevertheless, if the 


extraction 


roots of a growing plant do not 
necessal 
available 


Sr®® is not 


t10n make 
unmixed extractable, 


procedurt ill increase the applicability of the 

measured ratio. 
In 1954, Hungate 
tests to evaluate some of 


Si 90 


initiated a series of 
the factors con- 
cerned in availability to plants. As 
expected, movement down into the soil was a 
slow process and increased the uptake of Sr? 
by the plants. 


Somewhat unexpected was the 
observation that 


Sr?9 added 
| 


oil 3 years previously was, by 


to this calcareous 
Neubauer 


as available to plants 
(14) 


tests 


in the laboratory, fully 


as was Sr® added just prior to cropping. 


From this it appears that the time for Sr*® to 
achieve its ultimate equilibrium with calcium, 
in the sense of plant availability, is either very 
short or so long that three years is insignificant. 


\ reduc ed 


from results of 


availability of Sr®® was predicted 


MARTIN et al.“*), who observed 


a decrease in labile Sr®® in soil with time, as 


measured by ammonium acetate extraction. 
[t therefore appears that the mixing time is long 
Sr®98/Ca_ ratios 


lead to 


measurement ol 


fallout 


and that the 


in soil tO ASSESS hazards will 
erroneous results. 
If, instead he 


where Sr is the naturally occurring 


Sr99/Ca ratio, the Sr99/Si 


ratio is used 


non-radioactive strontium), soil measurements 


still be subject to error 


It would still take time for Sr9° atoms 


would 
mixing. 


to distribute themselves in soil to positions 


adjac ent to the strontium atoms already present 


and time for chemical conversions to form 


compounds similar to those of the naturally 


occurring strontium. 


RADIATION 


due to lack of 


HAZARD ASSESSMENT 
Effect of environment 

Most of the research which has been applied 
to understanding element-pair relationships in- 
volves testing the ability of the Sr®°/Ca ratio to 
qualify according to the third condition. Unlike 
cesium and potassium, strontium and calcium 
are only one period apart in the periodic table. 
It is reasonable to expect that strontium and 
calcium will behave more alike than cesium and 
potassium. ‘The more alike a pair of elements 
are, the more probable it is that the ratios of 
the elements in two links of a biological chain 
will bear a constant relationship to one another. 
If deviations are found for the strontium—calcium 
pair, it is likely that greater deviations will be 
The 
relationship expressed in equation (2) seems to 


imply that the DF is a proportionality constant, 
(17) 


found for the cesium—potassium pair. 


and is sometimes used as such. 

The results that led us to questioning the 
constancy of the DF were obtained in 1954 from 
plants. Repiske, Ciine and Se._pers found no 
decreased uptake of Sr®® into plants when non- 
90 in the 
and 
calcium 


radioactive strontium was added to Sr 
1956, CLINE 


when 


root environment.“ In 


HuNGATE got similar results 
atoms were used to dilute Sr9° atoms in soil. 
Again the uptake of Sr9® was not depressed by 
soil calcium. It was about at this 


public interest in the hazards of 


increasing 
that 


fallout became widespread, and it was popularly 
0 


time 
asserted that the hazards of Sr®® was inversely 
proportional to the concentration of calcium in 
the environment. This was quite contrary to 
our results, at least in plants, and the difference 
between what was read in the papers and what 
was observed in the laboratory invited further 
investigation, 

Before long, HuNGATE et al.“*, that 
calcium could, indeed, depress the uptake of 
Sr®° into plants. However, this occurred only 


found 


in acidic soils low in calcium. But even here a 


linear inverse relationship in depression of Sr%® 


uptake with increase of calcium was not noted. 
et al, 


and pointed out that the uptake of Sr 


observed similar effects 
90 


I REDRIKSSON 
into 


plants is not inversely proportional to soil 


calcium. 
he work with plants suggested that similar 


implications might result from work with 
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animals. In 1958, two feeding experiments were en 
performed by PALMER ef al. with mature rats. S90 
The first one involved only a 24-day feeding 

regimen'” and will not be described here since 


K 1Caaiet 


If equation (12) is to be obeyed, a plot of the 
its results are similar to those obtained in a °C!PT06 al of the fraction of St deposited in the 
bone from the diet vs. the concentration of 


second and more complete experiment."!) , 
calcium in the diet should result in a straight 


Four groups of mature, female rats were 
maintained for 30 days on diets containing 
0.5 per cent phosphorus and four levels of 


line. Fig. 1 is such a plot based on the experi- 

mental results after 100 days of feeding. The 
° » ° 2574 » - 5 " 45 > mh . a 

calcium which was added as calcium lactate. ¢ciprocal of the Ca deposition corresponds to 

After the conditioning period, Sr®, Ca‘ and nearly a straight line, but that for Sr®® deviates 

unabsorbable Co,O, tagged with Co® were 

added to the diets. Four animals from each 


markedly. 
The deviation observed from experiments 
performed with rats resembles that observed in 


2 


group were killed after 3, 6, 13, 24, 50 and 
100 days on the tagged diets and their bones 
analyzed for Sr°° and Ca*. Food consumption 


plant experiments. Its implications with regard 
to the use of the strontium unit can be seen by 
was estimated from measurements of Co®® in ¢xPressing the results mathematically in the 
the total feces and gastrointestinal tract contents following two equations, where subscripts d 
from the animals in each experimental group. 

Had increases in dietary calcium caused 


and 6 refer to diet and bone. They state that 
the deposition of Ca*® on bone is inversely 
proportionate decreases in Sr® deposition, the proportional to dietary calcium, but that the 


‘ . ca > <,90 ; - n . o erce 
results should have corresponded to the follow- deposition of Sr is not. Instead, it is inversely 


. . . . . . J a iC < ( > > = - > 7 . > 4 
ing equation, where the fraction of the dietary propor nm ul to some unspecified function of 
strontium that is deposited in bone is inversely dietary calcium. 
related to the concentration of calcium in the 


diet: 
Ser ] 


S 0” — Cia 
Woiet /Adiet 


diet 


11) 


BS 


‘3 BONE ASH 


~m 


c/ 


e 


DEPOSITED FRACTION OF DAILY INTAKE 
° 


$r90 
DIET 

$, 90 F Ki Copier 
BONE 


~ 


K2Canier 


= 


0.5 1.0 1.5 2.0 
PER CENT CALCIUM IN DIET 


lic. 1. Effect of dietary calcium on skeletal 
deposition of Sr®° in rats (width of lines 


proportional to standard deviations). 
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On dividing equation (14) by equation (13), graphed DFs derived from the experiment in 


which rats were fed labeled strontium and 
Sr*,/Ca‘*s . . . . . 
calcium at various dietary levels of calcium. 


Srq/ Ca’ ay Since our noting the variable nature of the 
DF contrasts with observations of others (for 
example, Comar et al.‘®)), who noted that the 
coefficient is relatively constant, it should 
be pointed out that an important difference 


, between the experiments exists. ‘The work that 
ies equation ake Se . " A . a : i 
saonage indicated a lack of variability with calcium 


In this case, from equa-  tilized diets in which both dietary calcium 
and phosphate concentrations were varied to 
maintain a constant calcium to phosphorus 
ratio. In our work only the calcium was varied, 
with the phosphorus concentration maintained 
Chis state at the DF is not a constant, but constant. 

varies with dietary calcium. It resulted from lo find if the DF would change with dietary 
the lack of linearity in the relationship between calcium in young rats, another experiment was 
strontium deposition and the inverse of the performed by PALMER ¢ al., Female rats, 


dietary calcium concentration. In Fig. 2 are 22 days old, were conditioned for 4 days to 


“a 


2.0 %Ca 


/ 


60 
DAYS 
Fic. 2. Effect of dietary calcium on the DF 
(bone—diet) in mature animals at various 
times after feedings began (width of lines 
proportional to standard deviations). 
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diets like those used for the mature rats, except 
that only three levels of calcium were used 

0.1, 0.5 and 2.0 per cent. Strontium-90 and 
Ca*® were then added to the 
feeding continued, with groups of six animals 
killed at intervals to 200 days on the labeled 
Figure 3 was derived from the results. * 
the DF of these 


diets and the 


diets. 


It indicates that bone—diet 


rats varied over a twofold range as a result of 


dietary calcium concentration and over nearly 
the same range as a result of the passage of time. 

Whether the experimentally 
bility in the DF with calcium has significance in 
practical hazard assessment depends on the 


noted varia- 


variation in dietary calcium among segments 


* Due to undetermined causes, rats on the 0.1 per cent 


dietary calcium suffered high mortality, and too few were 
left near the close of the experiment to provide significant 


results at 200 days. 


of population. Unfortunately, no data on varia- 
tions are available. Data are available for the 
average diets, however. Ina recent comprehen- 
sive study, HarLey and Rivera‘) estimated 
average intakes of various foods, calcium, and 
Sr®° by humans in the United States. The per 
cent of calcium in diets of infants during their first 
year of life averaged 0.18, in diets of adults, 
0.06, and in diets of expectant mothers, from 
0.03 to 0.07. 


with Figs. 2 and 3, 


These percentages, in combination 
suggest there is little reason 
to question the practical applicability of a con- 
stant number for the discrimination factor when 
used for average populations, at least so far as 
dietary calcium is concerned. Whether deviants 
from the average among the population of the 
United States and whether greater variations in 
dietary calcium among international popula- 
tions would decrease the validity of the use of 


| 
100 
DAYS 


calcium on the DF 
various 


Fic. 3. 


(bone—diet) in 


Effect of dietary 


growing animals at 


times after feedings began (width of lines 


proportional to standard deviations). 
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a constant value for the discrimination factor 
is still unknown. 
In a series of experiments to find if DFs in a 


plant would change, UHLER™®) grew red kidney 


bean plants in nutrient cultures containing Sr®, 


and several concentrations of calcium. 


Ca* 
He found the 
as that in the substrate at all calcium concen- 


ratio in the leaves Was the Same 
trations tested. In the roots and stems, however, 
there was discrimination, as indicated in Fig. 4, 
DFs 
change in the substrate calcium. 

What applies to the strontium—calcium pair 


where the are shown as changing with 


of elements should also apply to other pairs. It 
that the the Cs!®27/K 


would be subject to more error than the use of 


would seem use ol ratio 


the Sr/Ca ratio because cesium and potassium 


are more than one period apart in the periodic 


To test this possibility, Crivne™) grew 


137 


table. 


beans in nutrient solutions containing Cs and 


RADIATION 


HAZARD ASSESSMENT 
several concentrations of potassium. Although 
Epstein and HaAcEen) showed that potassium 
and cesium compete for deposition on excised 
barley roots, this competition was not apparent 
when the whole plant was tested. Instead, 
increasing concentrations of potassium had only 
a small effect on uptake of cesium. The relative 
independence of cesium and potassium thereby 
greater variations in the DF (plant-— 
than were noted for strontium and 
calcium. The limitations to the of the 
Cs!87/K ratio apparently are more stringent 
than those of the Sr9°/Ca ratio. 

The contribution of dietary variables other 


Causes 
substrate 
use 


than one member of the pair of elements 
toward making the DF a variable was sought in 
another animal experiment performed by PAL- 
MER ef al.®), Six groups of mature rats were 
conditioned for 5 days to six diets which differed 
in calcium, phosphate, carbonate and lactate 


LEAVES 


4 i 


1.0 


LS 2.0 


mM CALCIUM IN NUTRIENT SOLUTION 


Fic. 4. 
root-substrate, 


substrate of bean 


stem-substrate, 
plants 


Effect of substrate calcium on the DF’s 


leaf- 


lines 


and 


width of 


proportional to standard deviations. 
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contents. Strontium-89 and Ca*® were added 
to the diets; 3 days later the rats were killed and 
their femurs analyzed for Sr8* and Ca*®. ‘Table 
2 shows that the DF changed particularly with 


change in carbonate. 


It would be helpful to know why, in terms of 


varies with 


DF 


calcium concentration, since it is usually ex- 


fundamental processes, the 


pected that such variation should not occur. 


Table 2. Effect anions on the DE 


sore 


bone—diet 


Per cent of dietary constituent tested 


Calculated 
DF 


0.600 
0.46 
0.41 


* Calcium added as the lactate. 


+ Basal diet carbonate only. 


The following explanation is offered more as an 
interim hypothesis to provoke other hypothesis 
and experimentation than to provide definitive 
explanations of the actual mechanisms involved. 

It is proposed that the changing observed 
ratio is the consequence of transporting or 
depositing the pair of elements via two or more 
processes that operate in parallel, with the 
efficiency of at least one of them decreasing as 
the amount of one of the elements transported 
or deposited increases. For example, if the 
DF in 


occurs as strontium and calcium are absorbed 


change with calcium of the animals 
through the intestinal walls, then two or more 
processes transport the pair of elements through 
the gut wall and into the blood. The processes 
that 
complex strontium and calcium and carry them 


bloc vcd 


changes because the kidney excretes different 


may consist of two or more substances 


into the stream. 


ratios of the two elements with change in 


calcium through-put, two or more parallel pro- 
cesses transport the elements from the blood to 


Similarly, if the DF 


KORNBERG 


If the DF changes because the rela- 
and that 
deposit on the bone change with calcium, then 


the urine. 


tive amounts of strontium calcium 
it can be explained by means of two or more 
deposition processes, such as those due to dif- 
ferent kinds of bone crystals. In all cases, the 
theory requires that the effectiveness of at least 
one of them be decreased by increases in the 
quantity of calcium they transport or deposit. 

How this model can account for a variable 
DF is seen by setting up hypothetical processes 
that 
calcium and then by defining the DF in terms 


can discriminate between strontium and 
of parameters used to describe the processes. 
Let it be 


as strontium 


assumed that discrimination occurs 


and calcium are absorbed from 
the lumen of the intestine, through the intestinal 
wall, and into the blood. ‘This is schematically 
represented in Fig. 5, where an “active trans- 
port’’ process carries the strontium and calcium 
through the intestinal wall. The carrier sub- 


stance P combines with the two elements to 
form products that can move from left to right 
diagrammatic representation of the 
On the 


from 


in the 


intestinal wall. right-hand side the 


carrier is freed strontium and calcium 


which enter the blood. Molecules of the carrie1 
then return to the left where they once again 
combine with strontium and calcium to repeat 
the process. 

If we say the Sr/Ca ratio in the lumen 
is the same as in the diet, the blood-—diet dis- 


crimination factor for this case can be defined as 


Sr/Ca blood 
sr/Ca 


DF 


lumen 


The problem is then to see how increased 
calcium through-put, from lumen to blood in 
the model, can change the DF. 

Che quantity of strontium and calcium which 
can appear in the blood at any time depends on 
the efficiency with which the carrier P can com- 
bine with the elements—it is assumed that the 
process which limits transfer of strontium and 
calcium from the lumen to the blood is the rate 
at which the elements can be carried through 
the wall, and this depends on the concentrations 
of complexes formed by strontium and calcium 


combining with the carrier. It follows that the 
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LUMEN 


IN RADIATION HAZARD 


INTESTINAL WALL 


ASSESSMENT 


BLOOD 


air% 


w——Ts S+P = 
4 


Fic. 5 


Sr P--—--—+ SrP 


Schematic of 


hypothetical carrier 


transport of strontium and calcium from the 


I 


lumen of the intestine 


through the intestinal 


wall into the blood. 


blood strontium and cal will be propor- 
tional to the concentrations of SrP and CaP 


see Fig. 5). As a result, 


tum 


19 


a) lumen 


lo determine the DF in terms of measurable 


concentrations ion law can be used. 


Che: two reactions of strontium and calcium 


with the carrier are represented by the following 


equations: 
1 


Underneath the symbols in the two equations 
are written steady state concentrations of ele- 
ments, the carrier, and the products. For every 
equivalent of product, CaP, formed there will 
be one less equivalent of the carrier P available. 
Thus if v equivalents of CaP are formed and if 
p is the original (or total) number of equivalents 
of carrier, the number of equivalents of P 
available for complexing with Sr and Ca is 
4) , 
/ v. 
need not be p u z 


The steady-state concentration of P 
because u, the number 
of equivalents of SrP, is insignificant in com- 
parison with the number of equivalents of CaP. 
19) the steady- 


state concentrations of products and reactants 


By substituting in equation 


viven above, 


21) 


DF 


But these concentrations are interrelated accord- 


ing to the expressions for the steady-state 


H. A. KORNBERG 


constants, K, and K,. Upon substituting for w, 


v, s, and ¢ from the two expressions in (20), 


There is no variable in this expression; 
K, and K, are constants. In this model, if there 
is only one process (one carrier, for example) 
for transferring strontium and calcium into the 
blood, the DF cannot change with change in 
calcium. Another process, operating in parallel 
with the one given, will give the required result. 
The another 
carrier or be simple diffusion. 
discrimination factor becomes a function of the 


consist of 
Either way, the 


second process could 


calcium concentration in the lumen. 

If it be assumed that another substance Q is 
present to combine with strontium and calcium 
forming complexes that can be transported 
through the intestinal wall, acting similar to the 
carrier P, a new expression for the DF can be 
derived by again considering mass-action formu- 
lations. The reactions involved, steady-state 
concentrations, and definitions of steady-state 


constants follow: 
CaQ 


Sr Q srQ Ca 


In this second process the capacity of the 


Q is 


steady-state concentration is given as q, rather 


carrier not assumed approached; its 
than as g — », which would be equivalent to the 
case of the first carrier, P. This was done to 
that although 
processes for transporting strontium and calcium 


show two (or more) parallel 
can account for a variable discrimination factor, 
it is not required that both of them approach 
saturation. 

The DF must now be 
the sum of the concentrations of strontium and 


evaluated in 


calcium that are complexed with the two carriers. 


This is 


DF nd 24 


of the 
the 


right side 


according to 


the 


are interrelated 


The concentrations on 


equation 


terms of 


expressions for the four steady-state constants, 
K,, K,, K, and K,. Upon substituting into 
equation (24) values for u, x, v and » from 
equations in (20) and (23), 

Kip + Kyq(l 
Kp + Kyq(l 


Kc) 
Ky ) 


Equation DF in 
constants and the concentrations of calcium in 
the diet of the model, and suggests that it is 
reasonable to expect the DF to with 
concentration of dietary calcium. ‘The equation 


DF 


25) expresses the terms of 


vary 


is of the form 
Bx 


- (26 
Dx ) 


where y is the discrimination factor, x is the 
concentration of calcium in the lumen of the 
intestine, and A, B, C and D 
It is the equation of a hyperbola which consists 


are constants. 
of two conjugate pairs of curves. On rectangular 
co-ordinates, one pair occurs in the first and third 
quadrants, and the other in the second and fourth 
quadrants. Of these four only two have physical 
the first and 
because they correspond to 


meaning—those which occur in 
second quadrants 
positive values of x. The other two correspond 
to negative values of x, or negative concentra- 
tions of calcium, which has no physical meaning, 
and will be ignored. 

Figure 6 is a plot of equation (26). The two 
curves that approach a common asymptote, 


5) B/D, result from the relationship of the 


If A/C 
If it is less than 
In Fig. 


values for A/C corresponding to each curve are 


constants to each other. is greater than 
B/D, the upper curve results. 
B/D, the lower curve results. 6, the two 
shown as subscripts. 


The 


operating to transfe1 


hypothesis of two parallel processes 


strontium and calcium 
predicts that the discrimination factor should 
increase in 


the 


with 
that 


reatest at low calcium concentrations, 


either increase or decrease 


calcium concentration and change 


should be g 
calcium concentrations, to 


ead = 
tending, at high 


approach a constant number. If the hypothesis 
is correct, and if all plants and animals lived in 
the yet-to-be- 
determined experimental asymptote value of 


the DF 


a calcium-rich environment, 


could be used for predicting Sr*® 
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Equation of Curve 


A+Bx 
C + Dx 


Fic. 6. 
the discrimination 


factor 


\ plot of the theoretical equation for 


changing as a 


function of the calcium concentration (x 


at least so far as 
But only 


presumptive evidence suggests the hypothesis 


contamination with accuracy, 
environmental calcium is concerned. 
is correct. ‘The upper curve in Fig. 6 resembles 
part of Fig. 4, where the DF in roots and stems 
of bean plants decreased with increasing sub- 


When the DFs 


100 days from the prolonged feeding experiment 


strate calcium. obtained at 


with rats previously described"® and illustrated 


in Fig. 2 dietary calcium, 


Fig. 


cal curve in Fig. 6. 


were plotted VS. 
7 resulted. This suggests the lower theoreti- 
tell 
whether similarities of theoretical and experi- 


There is not enough information to 
mental results represent happy coincidence or 


More work 


mechanisms is needed. 


designed to 


First, 


support of theory. 


investigate the 


we need to find which of those organs or tissues 


in the animal body that can discriminate 


between strontium and calcium will change 


their degree of discrimination with change in 
concentration or through-put of calcium. Once 
found, it will be interesting to see if there are, 
that 
deposit strontium and calcium in such tissues. 


indeed, two or more processes carry or 
If there are, it should be possible to determine 
if the two or more processes are due to different 
the 
one 


but 


kinds of complexing agents for carrying 
pair of elements or whether there is but 
kind of carrier and the parallel process is 
simple diffusion. 

Since increments of dietary calcium do not 


90 


cause proportionate decrements of Sr? on bone, 


it is pertinent to ask what happens to Sr? 


deposition with increase in non-radioactive 


strontium. ‘The difficulty with answering the 


question experimentally is that the quantity of 


non-radioactive strontium which is added to 


the diet to get an effect must be significant in 


comparison with the quantity of calcium 
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FACTOR 


(BONE - DIET) 


DISCRIMINATION 


0.5 


1.5 


PER CENT CALCIUM IN DIET 


Fic. 7. 


The change in the 


discrimination 


factor with dietary calcium after 100 days 
of feeding strontium and calcium to rats. 


in the diet. Or conversely, 


kept to practically 


already 
dietary calcium must be 
zero levels in order to make small increments 
strontium effective in de- 
It is the sum of the 


present 


of non-radioactive 
creasing Sr%° deposition. 
quantities of calcium-like elements that count, 
and strontium is like calcium in this regard. 
The importance of the sum of calcium-like 
elements was shown by UHLER‘) in an experi- 
ment with plants. Cultures of beans were 
grown in nutrient solution containing Sr9® and 
Ca*® and different of non-radioactive 
strontium to non-radioactive calcium, with the 
sum of the of the 
elements remaining the same in all cultures. 
After the growth period, uptake of Sr®® and 
Except for slight changes 


ratios 


molar concentrations two 


Ca* was measured. 
at high strontium concentrations due to toxicity, 
the DF was unaffected by changing the ratio. 
This indicates that it is the sum of the number 
of moles of strontium plus calcium that is relevant 
in changing uptake of Sr®® and Ca®. 

A similar experiment in animals may be 
impossible, due to the toxicity of strontium 
when present in the diet in quantities significant 
in comparison with calcium. If it could be 
performed, the results should be similar to those 
observed in plants. But in animals fed calcium 
within the normal dietary range, any practical 


quantity of non-radioactive strontium added 
to the diet should be without effect in changing 
Sr*° deposition because the total alkaline earth 


concentration in the diet is not significantly 


changed. 


Effect of time 

That the Sr*°/Ca ratio may not meet the 
fourth condition is suggested from Figs. 1 and 
3 where the DF changes with time. If it does 
change, it means that the rates of deposition of 
strontium and calcium on to, or the rates of 
release from, bone were changing with time. 
To find whether the rates of release from bone 
of the two elements differed, THompson and 
PALMER measured their retention on the bone 
with time.” Groups of mature female rats, 
previously conditioned for 28 days on diets 
G.I, 0.5 and 2.0 
calcium, were intraperitoneally injected with 
Sr®° and Ca® and 
diets for 200 days. 
from each dietary group were killed at various 


containing 0.03, per cent 


maintained on the same 
During this period animals 


times after the single injection of radioelements 
and their femurs analyzed for Sr®° and Ca®. 
The results appear in Fig. 8. Several interesting 
relationships are evident. 

First, dietary calcium changed the slope of 
the turnover curves for deposited Ca*®, but was 
without apparent effect on Sr%. It is of in- 
cidental interest that this point tends to deny 
the possibility of speeding the removal of stron- 
tium from the skeleton by increasing dietary 
calcium. Second, the turnover from bone of 
both strontium and calcium can be described 
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-0.05 
Ceo)=731 + 


rs -0.10 
Cao5°5.71 


Cop 9*36t 


-0.17 


Lh clieiadiddl 


10 


DAYS 


Fic. 8. Logarithmic plot of amounts of Sr 


and Ca* 


100 


90 


remaining in bone vs. time after 


single IP injections of the radioelements (sub- 


scripts following symbols of elements refer to 


dietary calcium levels). 


by power functions of time since the data, 
plotted on logarithm paper, fit straight lines. 
‘Thus the concentrations in the bone of the two 
radioelements at any time ¢ during the period 
of observation (200 days) can be represented by 
(26) 


\ 


Sr At-™ Ca BYre* 


and 


where A and B are the concentrations of the 


two radioelements when f 1 day and m and 
n are slopes of the curves. 
The two equations in (24), descriptive of the 
concentrations in bone of strontium and calcium 
at time ¢ after a single administration of the two 
elements, can be integrated to yield equations 
that the the 


elements in bone time after continuous 


describe concentrations of two 
with 


These are 


j Be 
Sr and Ca 
m l n 


administration begins. 
(27) 


(The values of m and n are obviously restricted 
to being greater than zero, but less than 1.) 


On dividing the first equation by the second, 
Sr/Ca 


(28 
A/B 


By definition [equation (2)], the discrimination 


factor is 


(Sr/Ca), 
Sr/Ca), 


DF (29) 


On substituting for (Sr/Ca), from equation (26), 


l—n 


A|B 


DF * i 
(Sr/Ca), 1 —m 


tis (30) 

In going from equations (26) to (30), we 
show, in effect, that if the retentions of strontium 
and can be described by different 
power functions of time, the DF changes with 
time. ‘THOMPSON and PALMER substituted into 
equation (30) values for coefficients found from 
the single dose retention experiment and got a 
plot of DF curves that coincided with the 


calcium 
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experimental DF curves obtained when rats 
were allowed to continuously feed on diets 
containing the two radionuclides.” 

This implies that the Sr%°/Ca ratio in the 
skeleton of individuals should change with time 
even though his diet contains an unchanging 
Sr*°/Ca ratio. Consequently, it implies also 
that the natural calcium 
should change with time in individuals on diets 


strontium to ratio 
containing unvarying ratios of these elements. 
Bryant ef al.*), after analyzing human bone 
for both radioactive and strontium, 
reported that the natural strontium to calcium 
Although this might 


natural 


ratio increased with age. 


be due to changes in diet with age, in view of 


our experimental observations, it may be due 


to continuing change with age in the net 
skeletal deposition of strontium and calcium. 
Resolution of this point will depend on showing 
whether the net skeletal deposition of strontium 
change with time 


and calcium ceases to 


sufficiently early in life. 


CONCLUSIONS 

In using measurements of ratios of similar 
elements in the biosphere to predict future 
ratios, potential sources of error result from the 
way biological systems apparently can change 
their discriminatory powers. ‘The principal 
causes for such changes are unequal availa- 
bility of the two elements, different environ- 
ments, and the of .time. Whether 
variability of discrimination is significant in 
practical radiation hazard evaluation is un- 
known, but there is sufficient evidence to indi- 
cate that caution should be exercised in using 


passage 


ratios. 

It may be simpler (and less reassuring) to 
90 terms of 
ventional Until 
information becomes available to support one 
or the other method, it is recommended that 
Sr®® contamination levels, both measured and 


express Sr*° contamination in con- 


concentration units. more 


predicted, be given in terms of conventional 
concentration units as well as in terms of the 


ratio with calcium. 

Even on the basis of fragmentary evidence, 
the vagaries of the Cs!*7/K unit contra-indicate 
its continued use. All the weaknesses of the 
Sr®°/Ca ratio seem to be magnified in the 


inherently 
contamination in 


nothing 
137 


Cs!87/K There is 


wrong with measuring Cs 
terms of the ratio, but there appears little to 


ratio. 


support its use in predicting contamination 
levels. 
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Abstract 


A method has been developed for the quantitative determination of plutonium-241 


in exposed personnel through urine analysis, and was designed for use, when necessary, in 


conjunction with the Hanford plutonium bio-assay technique of x-analysis. 


This method is 


based on the recovery of plutonium from electro-deposited disks and subsequent extraction 
of the plutonium from 1 N hydrochloric acid into a liquid scintillator containing dibutyl 
phosphate. Plutonium-241 /-emission is detected in a standard liquid scintillation spectrometer, 


and the yield for plutonium recovery using spiked samples of Pu*#! was 8: 


Qc 


Y per cent. 


Samples containing as little as 2.2 x 10~® wc of Pu! may be reliably detected, which repre- 


> 


sents 3.5 per cent of the maximum permissible dose 90 days after personnel exposure. 


INTRODUCTION 


ProcessinG of high-exposure uranium and 


plutonium fuels may result in potential exposure 


of chemical processing personnel to a number of 


heavy plutonium isotopes. All of these isotopes 


can be determined by «-counting techniques 


with the exception of the #-emitter Pu. 


Production of this isotope is about 10 per cent of 


the total plutonium, predicted after only the third 
cycle or approximately one year of operation 
of the Plutonium Reactor at 
Hanford. Plutonium-241 will then be present in 


Recycle Test 


amounts large enough to contribute significantly 
to the exposure received in internal contamina- 
tion. ‘The work herein described was carried out 
in order to provide an analytical procedure for 
monitoring individuals potentially exposed to 
the Pu*4! isotope. 

Utilization of excretion analysis for the quanti- 
tative determination of total body burden in 
humans involves the relationship between de- 


position and excretion level as a function of 


time. 
isotope excretion as a simple exponential function 


In many cases, it is customary to express 


of time, consequently arriving at a biological 
half-life. This presumes that the rate of elimina- 
tion of an isotope from the body is controlled by 
a single body function. Often this assumption 
* Work performed under Contract No. AT(45-1)-1350 


for the United States Atomic Energy Commission 


is not valid as in the case of tritium; here, the 
rate of excretion in the mouse appears to be 
controlled by three body functions resulting in 
half-times of 1.9, 12 and 90 days"*?, 

The rate of 
plutonium has been studied for a period of 5 


human urinary excretion of 


years and found to be continually changing and 
best represented by a power function’). This is 
thought to be the result of several plutonium 
each eliminating 


depositories in the body 


plutonium at differing rates. ‘The expression 
given for activity elimination per 24-hr day is 


0.002 T initial dose 


where 7’ time in days since plutonium intake. 


Integration of this equation allows one to 
estimate the total plutonium excretion between 
two time limits, while solution of the expression 
for the 50 per cent excretion time indicates that 


200 years are required for elimination of half 


the human body burden. 


A monitoring program was needed to identify 


exposed personnel who may approach the 


maximum permissible dose over a period of time. 


[he maximum permissible body burden for 


Pu**! has been set at 0.9 wc. It was considered 
necessary that the sensitivity of the beta counting 
procedure be able to detect at least 5 per cent 
/24-hr urine 


pe missible be dy 


corresponding to 3.2 1lO-® ye 


sample) of the maximum 
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burden 90 days after intake. This method must 
also be compatible with the already existing 


bio-assay procedure for the determination of 


This 


latter procedure involves the chemical separa- 


plutonium by alpha-particle detection, 


tion of plutonium from urine samples followed 
by electro-deposition of the plutonium in a known 
area on disks. Nuclear-track techniques are then 
utilized to detect as 
plutonium g-activity by using an exposure time 
of about 5 days. Subsequent to «-analysis the 
plutonium is probably in the form of PuQ, in a 


highly 


insoluble film on a stainless steel disk. 


EXPERIMENTAL 


The maximum energy of the /-particles associated 
>, 241 is 20 ke \ ; 


problems associated 


with | Although there are numerous 


detectior with this weak p- 


energy, the technique of liquid scintillation counting 


desirable for Pu?! detection'®. 


Pu24) 


has bee n shown to be 


Samples of urine wet ked with whose 


as the result of the 
Py240 Pu242 


p % ratios wert 


alpha-emitting and 


isotope 
I 


present and process 1 through the bio-assay pro- 


Their «-activity was determined using zine 


scintillation detectors 


cedurs 
sulfide and the yield from the 


bio-assa\ proced ire was found to be about 90 


Chen the st 


per 


cent. steel discs were placed in 


ikers and with concentrated nitri« 


5-ml be 


acid containing drops of concentrated hydro- 


acid The 


solution evaporated to near 


fluori an disk was removed from the 


ac id and the 


under ; eat 


dryne SS 


lamp Concentrated sulfuric acid 


was then added and the film dissolved under fuming 


times of | hr or 
— 


ompletely dissolved and 


; | Y 
action. | LUuUMmMiIng 


more When the film wz ( 
the acid 


his otten require¢ 
volume small, the solution was diluted with 


-N nitri cid 


5 ml of and transferred to a polystyrene 


5 2 of lanthanum nitrate 


ne addaitior Ol 


carrier solution (80 @g/] and excess concentrated 


hydrofluoric acid fluoride precipitation. 


The plutonium with the precipitate 


which was rediss« a in ite nitric acid and the 


noved in this process so 


pro ess I 


that it will n rfere with the oxidation state of the 


Che 


nitric 


plutoni l 


fluoride 


liquid scintillator. 
: YN 
be ake ce The 


lissolved in 


acid ar iunsferred to a 5 ml volume 


lamp and concentrated 


perchloric acid added he sample was fumed to 


fluoride and oxidize the 


Other 


dryness to ren 


plutonium t th » Stale oxidation tech- 


Ss wert mpl | however, the greatest extrac- 


nique 


PLUTONIUM-?241 


little as 0.05 dis/min of 


IN URINE 


The 


plutonium was dissolved in 1.2 N hydrochloric acid 


tion yield was obtained using perchloric acid. 


and extracted with dibutyl phosphate (DBP). This 
latter step is very dependent upon the hydrochloric 
The extraction coefficient of the 
system DBP-HCI for plutonium has a 
value at about | N hydrochloric acid. It is important 
to keep the concentration of hydrochloric acid above 


acid concentration. 
maximum 


0.5 N to prevent other plutonium reactions. Normal- 
ly, the plutonium activity is removed from the beaker 
with small portions of 1.2 N hydrochloric acid and 
flask. To this, 
102 of DBP is added along with 100A of a liquid 


transferred to a l-ml volumetric 


scintillator. The scintillator solution found to dis- 
solve DBP and be most efficient for f-detection was 
p-terphenyl 4.0 g/l.) and 1:4-bis-[2-(5-phenyl- 

POPOP) (0.1 g/l.) in 
The two phases were shaken for about 3 min and 


oxazoly]) |-benzene toluene. 


subsequently centrifuged. The organic phase was 
withdrawn and placed in an 8-mm quartz vial. 
The extraction step was repeated three times and 
the organic phases combined in the vial, giving a 
final total volume of 0.4 ml of liquid scintillator 
solution. The quartz vial was sealed under vacuum 
to reduce dissolved gas quenching in the liquid 
scintillator. The samples were then placed in a 
Lucite light-pipe which is coupled to the multiplier 
phototubes of a liquid scintillation 
l'ri-Carb, Model 314, Packard Instrument Company, 


The samples were counted for 


spectrometer, 
LaGrange, Illinois. 
about | day after allowing them to cool and stabilize 


in a dark room for about | hr. 


RESULTS 
Experimental results of the Pu*#! #-analysis 
are shown in Table 1 along with the over-all 
yield from processing the disks into the liquid 
The of the 
individual measurements are also included. The 


scintillator. standard deviations 


low-activity samples were counted about 24—60 
hr while higher activity samples were counted 
approximately 2 hr. For the former counting 
time, samples of Pu**! /-activity may be reliably 
10-® we. This 


represents about 3.5 per cent of the maximum 


detected down to at least 2.2 
permissible dose 90 days after intake. ‘These 
results were obtained without interference to the 
already existing bio-assay procedure, and the 
f-technique may be accomplished harmoniously 
in conjunction with the alpha analysis. 

The body burden, B,,,, at the time of exposure 
following a single occurrence may be calculated 
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Table |. 


a-Scintillatior 
Sample . 
counting rate 

net 8 


dis/min f~ counts/min 


16.61 0.29 
1383 5 
0.09 
0.24 
0.10 
0.06 
0.08 
0.07 


2.60 
219.94 
4.28 
6.60 
3.10 
0.00 
3.34 


0.00 


0.00 


9°77 


Background 
Control 
Control 


Zell 


0.00 


from the assay of a 24-hr urine specimen after 
time 7’ using equation (1 
B, = 500 4 T°-74 2 
More commonly, one is exposed to an unknown 
variable dose since the time of the last negative 
analysis. ‘The body burden B,,, may be calcu- 
lated in this case by assuming a single effective 
dose occurring at a time which can be deter- 
mined from assay of two samples taken at a time 
X apart), 
The activities in and second urine 


and TJ X, 


the first 
samples collected after time 7 
respectively, are 
A, 0.002 B,’ 
Ap,» = 0.002 B,,’ 
Solving for 7, 


b 


The body burden B,,’ from equation is then 


74 
500 A 

The has 

sufficient resolution for separating alpha activity 

and the weak Pu**! f-activity. Where higher 

“-activity is present this method may be used for 


liquid scintillation spectrometer 


simultaneous «- and f-analysis; however, where 
very low a-activity is present 1.0 dis/min 
the liquid scintillator has its limitations. 

The gain of the instrument used was adjusted 
so that 30 per cent of the plutonium-241 /- 


spectrum was counted. Under these conditions 


Liquid scintillation counting 


« dis/min 


0.10 
PF 1609 
06 6.49 


The observed activity of samples before and after processing 


Process 
Blo Ratio 


theoretical calculated 


yield 


fp dis/min 


55.36 0.96 


the background counting rate for the /-region 
was 17 counts/min while the «-counting region 
had a background of 6 counts/min. 

The experimental procedure described in this 
report does not add any «- or /-activity to the 
sample as evidenced by the background count- 
ing rate illustrated in Table 1, but it is apparent 
from control sample information that some beta 
activity is introduced in the chemicals used 
during the « bio-assay analysis. 

In emergency cases of high personnel ex- 
posure or where «-analysis is unnecessary, this 
Pu*4! §-analysis prodecure may be used without 
going through the original « bio-assay analysis. 
Immediate urine sampling may be instituted 
when Pu**! is suspected of being introduced into 
the The Pu*4! 
chemical separation and subsequent DBP ex- 
The p- 


activity will be considerably higher because of 


body. may be counted afte 


traction into the liquid scintillator. 


the short delay between exposure and sample 
collection. The sensitivity of the method is not 
affected by this change in procedure, however, 
as little as 0.1 per cent of the excreted activity 
can be detected one day after intake for person- 
nel acquiring the maximum permissible dose. 
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radioactive contaminants in an estuary is more complex than the 


er stream due to tidal cycling intheestuary. Many approximate, 
he hydraulic dispersion, but a model study is more 
7 


radioactive decay, 


mores 


] 
1 


and the absorption and 


, + 
DY U ediments and the biota. 


aximum ¢ redible 


accident to the NS Savannah during start-up in the 


hazardous con 


\rn ‘ 


litions will not exist. The evaluation is based on 
Engineer Waterways Experiment Station and includes the 


LLC lid os 


f 


f the 1 


Che maximum credible accident assumes 600 days 
100 per cent of the | 


fuel rods fail. It is also assumed that only a 


from tl 


1e containment vessel, at a leakage rate of 0.2 per 


vessel per day. Exposures from swimming and 


water from the river are evaluated. The maximum 


maximum concentration in the river water is about 


tration for continuous occupational exposure. 
DUC An estuary is defined as a passage where 
I 


the 
le meets the river current; especially, an arm 
Many of 
ports as well as the start-up 
site of the NS Savannah at Camden, New Jersey, 


are located on estuaries. 


proposed tne i¢ 
I 


Ca T 


I 
illed the NS Sa 


st in 
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r-powered issengel sea at the lower end of a river. 


nal 


mna 


as 


the world’s major 
the peaceful 


is launched 
of the 
on 2] 

a 
the 
S expected to 
.». Atoms 


be as hazar« 


oration 
fitted 


ol DISPERSION OF RADIOACTIVE 
MATERIAL 


fate of radioactive material 


out with 


yu 


to go critical 


‘T 


into a stream is affected by convection, diffusion, 


he introduced 


for 
] 


l- 


sorption, sedimentation and radioactive decay. 


will 


activity 


the 


estuary. 


deal with 


to 


In a non-tidal stream, convection terms can 
an be readily obtained from velocity profiles of the 


stream. Ina tidal stream, however, the situation 


NS P . 

is far more complex, as there is alternately con- 
vection upstream and downstream. Measure- 
ments the field are extremely difficult to 
make the tidal of the river 
evidenced by the fact that the U.S. Geological 
Survey, the official stream-gaging organization, 


, ORNL. 


ric Energy Agency 


) 
i 


it 
in sections as is 

aith 
Projects Divis 


Carbide ( orporation ik 


service. 


101 


1, ORNL. 


wr the 


I 


does not measure flow in the tidal portion of the 


bb 


F. L. PARKER, G. D. SCHMIDT, 
stream, although it does measure the velocities. 
The usual method of determining flow in a 
tidal stream is to measure the flow in the non- 
tidal portions and then assume the same net 
inflow per unit of drainage area in the tidal 
portion as in the non-tidal portion. Another 
method is to simulate the stream by a model 
complete with tides and stream velocities and 
determine the flow from the model. 


Diffusion 

The contaminant is also dispersed in a stream 
by diffusion. The includes 
both molecular and turbulent diffusion. Mo- 
is the result of the thermal 


diffusion process 
lecular diffusion 
motion of individual molecules and is extremely 
slow in liquids and gases, because the mean free 
short. ‘Turbulent 


path of molecules is so 


diffusion may be much faster than molecular 


diffusion, since it is due to the mass transfer of 


molecules in eddies of various sizes throughout 
the Molecular diffusion is 


essentially submicroscopic in movement, while 


entire volume. 


turbulent diffusion is macroscopic. 
The 


behave dynamically 


radioactive material is presumed to 


diffuse) in the same way 
as the transporting medium—water. The radio- 
active substance is treated as radioactive water 
Many 
experiments support the validity of this assump- 
1) 


dispersed in water of no radioactivity. 


tion. ' 
The differential 
relatively simple if 


equation for diffusion is 
the 


remains constant throughout the region of flow: 


diffusion coefficient 


where concentration; 
diffusion coefficient; 
length; 

t = time. 

The formulation of the diffusion 

law is commonly known as Fick’s law. Eddy 

diffusion has been found to vary from 1000 to 

1,000,000 times greater than molecular diffusion 


in water.) Therefore, molecular diffusion can 


standard 


be ignored. 
In the ocean, turbulent diffusion in large 
areas may be taking place in numerous ways 
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Large- and small-scale 


rates of 


within the same area. 
eddies within them 

mixing. The complete randomness of the pro- 
cess makes it a very difficult phenomena to 
formulate, and it is only recently with the 
application of statistical methods to the problem 
that some ideas of its fundamental nature are 


induce various 


being uncovered. At present it is only possible 
to approximate the magnitude of the diffusion 


rate, 


Sorption 

Some of the 
an aqueous media tend to dissociate into their 
Once the material 


radioactive salts introduced into 


radioactive 
it is more likely 


ionic forms. 
becomes cationic and anionic, 
to be sorbed on the organic and clay particles 
suspended in the stream and on the rive 
bottom. ( lay 
affinity for cationic materials, and this includes 


Ina 


materials have a_ particular 
most of the hazardous fission products.) 
series of experiments Carrirr and GoopGal! 
determined the percentage of sorption of P®*, 
1131, Sr89, Cu®, Fe®? and S*® on Chesapeake Bay 
surface sediments (top 6 in. and 6 in. at 9 ft).“ 
The composition of the sediments was approxi- 
3 per cent kaolinite, 30 per cent illite, 
chlorite-like 


per cent amorphous silica, and 10 pet 


mately 


40 per cent montmorillonite, 15 


cent 
quartz. 
For the 
estuaries, the uptake of phosphorus was less in 
but in 


conditions to be h 


exper ted in the 


than in fresh-water systems, 


sea water 
both systems approached 100 per cent removal 
within | hr. Iodine showed no significant 
uptake, but most of the strontium which was 
not precipitated was sorbed on the muds in 
less than 30 min. It 
that an appreciable fraction of radiostrontium 


naturally 


is reasonable to assume 


waste will become associated with 


suspended solids. Copper was almost com- 


pletely removed in less than 24 hr, but iron and 


sulfate were not removed at all. 

In general, therefore, it may be that 
alkali metals (group IA), alkaline earth metals 
ITA), and group 


in the periodic table are sorbed quite 


said 


group transition elements 
IIIA 
easily on the sediments, while elements of the 


VIIA, VIII, IB, and IIB 


group VIB) and the halogens 


transition groups 
the non-metals 
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sorbed more slowly. These 


group VIIB) are 
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Sedimentation 


are only 


chemical 


general 


ntities, 


conclusions. 


Fe I 


spec ific 


the quantitative sorptions 


would depend upon the chemi al characteristics 


oO! the 


aters, such as pH, temperature, 


and lon 
In addition to sorption on the muds, there 


1oactive 


strength. 


material 


and 


the receiving 


concentration 


can be considerable uptake and concentration 


in the 


p1iota, 


| he 


organisms 


that 


sorb the 


isotopes from the water take the elements into 


their sy 


| 
tnat s\ 


be concentrated 
organisms 


organism. 


factors 


conce 


Element 


stem to the 


stem. 


ntration 


degree 


required to satisfy 


Iherefore radioactive isotopes can 


and in 


| here 


between ore 


lactol 


Form in 


Seawater 


lonic 
lonic 
lonic 
lonic 
lonic 
lonic 
lonic 
Particulate 
lonic 


lonic- 
Particulate 


? 


lonic 


many 


parti ular 


are shown in 


oncentration 


times by 


wide variations in 


nceentratior 


part 


factors are 


particular 


of the 


these 


isms, but approximate 


Table 1. 


ty of d 


Concentration 
in Seawater 


(ug/liter) 


Concentration in 
Noncalcareous 
Algae 
(ug/liter) 


based on 


The sedimentation of clay particles and dead 
organic matter will also remove the radioactive 
materials the Whenever 
any of the dissociated compounds exceed their 


attached to matter. 


solubility product, they will precipitate and 
settle out. In general, when fresh water enters 
salt water, some of the colloidally dispersed 
solids flocculate and settle. 

The 
increased by applying flocculating agents to 
A group at the Armour Research 


sedimentation process can be further 
the water. 
Foundation has studied the possibility of such 
processes by using aluminum and ferric hydrox- 
ide systems.‘®) Since the radioactive materials 
will disperse in the ocean quite rapidly, only a 
that upon the 


introduced 


system immediately operates 


contaminant can be effective. 


fferent elements in members of the marine biosphere. 


a live weight basis. 


Concentration Factors 


Vertebrates 


Soft 


Invertebrates 


Soft Skeletal 


Skeletal 


107 
380, 000 
0.5 
400, 000 
7,000 
10 

3 

10 


2 


10 

l 

I 

0.05 

70 

900, 000 
50 


] 
25 
] 
10 


1,000 
1,000 
300 


10,000 


10 


10,000 


0.5 0.07 
10 ~ 

10 

10 1,000 

10 1,000 

5,000 1,000 

5,000 5,000 

10,000 100, 000 

200 200 


100 

100 

1,000 

10,000 10,000 40,000 2,000,000 
5 1 2 

100 50 10 


“Data from T. Laevastu and T. G. Thompson, ''The Determination and Occurrence of Nickel! in Sea Water 
Marine Organisms and Sediments,'' J. du Cons. 21, 125-143 (1956). 
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All the systems described above interact with 
each other, and the efficiency and effectiveness 
of any one system is also a function of the others. 
For example, when the contaminant precipitates 
comes into contact with other 


and settles, it 


suspended solids and may sorb them and thus 


scavenge more material than the _ original 


precipitation. 


Radioactive dec a) 
The radioactive contaminants decay with 
time, which decreases the concentration of the 


isotopes in the water, muds and biota. 


MODEL STUDIES 

As outlined in the preceding section, the determina- 
tion of the diffusion and convection coefficients in the 
field for an area the size of the Delaware River Basin 
is quite difficult. An easier solution is to build a 
physical model to represent the field conditions and 
to determine the diffusion and convection of a 
contaminant from a model. 
the Delaware River was built in 1948 by the Corps of 
Engineers at the U.S. Army Waterways Experiment 


Station, Vicksburg, Mississippi. 


Chis model is based 
upon a 1942 hydrographic survey for the studies of 
salinity intrusions, shoaling, and the flushing of waste 
discharged into the estuary.{7) The model is 750 ft 
long and 130 ft wide at its widest point and covers an 
area of 30,000 ft®, which is equivalent in the proto- 
type to 100 miles*. The general area is shown in Fig. | 
and the detailed area in Fig. 2. Because of the large 
area covered and the relatively shallow depths, it has 
been necessary to use a distorted model so that the 
depths of water in the model will be great enough to 
ignore surface tension. 

1: 1000 


It follows then from the Froude 


The Delaware model is scaled horizontal 
and 1:100 vertical. 
Va 
gravitational acceleration, and / is a length term 
the velocity is scaled 1:10, time 1:100, 
1 :1,000,000, and volume 1 :100,000,000. 


scale ratio is 1:1. 


term, g is the 
that 


discharge 


scaling where is a velocity 


Che salinity 


Prior to using any model, it is necessary to make 
sure that the model is not only geometrically similar 
to the river, but that the velocity, tidal heights and 
elevations, and salinity profiles are also similar. The 
model 

The 


prototype representation of tidal heights is accurate 


hydraulic agreement between the Delaware 


and prototype is considered to be excellent. 


within 35 ft, velocity within 35; ft/sec and _ salinity 


within 5 per cent of values measured in the river.‘ 


Model tests of 1952 


A series of tests were run in the model in 1952 to 


ws Be 


\ large-scale model of 
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determine the effects of a pollutant introduced into the 
Delaware estuary. In two of the tests, the contaminant 
was introduced into the main channel opposite the 
Philadelphia Naval Shipyard, Delaware River Mile 
D.R.M.) 96.6. 


high-water slack in the center of the channel and 


The pollutant was introduced at 


samples taken at high-water slack from the center of 
the channel. During the first test methylene blue dye, 
used as the contaminant, was instantaneously released 
at mean tide and mean-river flow (12,350 ft®/sec at 
and during the second test at low-river 


Che 


PritcHARD'”, pp. 28-29 


Trenton 


flow 3000 ft?/sec at Trenton results of the 


tests are shown in Figs. 3 
and 4 (Prircuarp'”) p. 34 

[his study is concerned with the effects of a release 
of a radioactive contaminant during start-up oper- 


at the New York Shipbuildir 


outfitting docks 22,500 ft 


ations Corporation 


D.R.M. 101 


Since this is only 


1g 
upstream 
from the dosing site. about one- 
half of a tidal excursion upstream, it was felt that no 
serious error would be introduced by transposing the 
dosing site upstream. 

The main difference in the results was caused by 
the fact that the Schuylkill River enters the Delaware 
River just below the original dosing point at the U.S. 
Naval Shipyard and thereby provides greater dilution 
tide after 


and turbulence on the first ebbing of the 


dosing. 
Six cases have been studied: (1) the instantaneous 


) 


dose, (2) equilibrium values of an instantaneous dose 


at each tidal cycle, (3) equilibrium values of an 


instantaneous dose every other tidal cycle (approxi- 
, at mean flow of 12,350 ft?/se« 
3000 ft?/sec at 


Che dosing conditions were not typical of 


mately once each day 
at Trenton and at low-water flow of 
‘Trenton. 
those that might occur in the Camden outfitting 
basin, because the accident, if one occurs, would most 
likely occur at dockside, rather than the center of the 
stream. The resulting spread of contaminant would 
then be slower by a considerable amount because of 


| he 


initial dosing also covered one-third of the width of 


lesser mixing and turbulence near the shore. 


the stream which facilitated the dispersion. All of 
On the 


the accident would most 


these changes are on the conservative side. 
other side is the fact that 


likely 


therefore 


not occur directly on high-water slack and, 


would occur under more turbulent con- 


ditions than those of the test. It is obvious from a 


study of the dye dispersion that the difference 
between discharge at high- and low-water slacks is 
The 
increased area in the cross section at high tide is only 


Che 


concentration of the contaminant, however, decreases 


inconsequential after one or two tidal cycles. 
20 per cent greater than the area at low tide. 


by a factor of 100 after just one tidal cycle, and by a 
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factor of 1000 in three tidal cycles at the mean flow. extremely conservative. This, of course, must be 
The results of the model study are applicable only balanced against the other assumptions enumerated 
to a conservative contaminant; that is, one in which above, but, in general, it is possible to say that the 
there is no decay nor removal by any physical or _ results based on the model study are conservative and 
biological mechanisms. The decrease in concentra- particularly so for the short half-life isotopes. 
tion is due only to the diffusion and dispersion in the The most serious accident that could occur in the 
liquid phase. A radioactive contaminant, on the _ river would take place if the Torresdale Filter Plant 
other hand, is a non-conservative contaminant in that D.R.M. 114), which is about 13 miles above the 
it is accumulated in destructive fashion in the river, New York Shipbuilding outfitting basin, and which 
and it decays with its own characteristic half-life in supplies Philadelphia with about one-half its water, 
the sediments, flora and mud in the river. All these should become contaminated. Model studies indicate 
facts make the results based on the model study that this is not likely, but this is somewhat deceiving 
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detection of methylene blue, used as swept downstream prior to being swept upstream 
he contaminant in the model study, are far below and thus would have been diluted and dispersed to 
the limits of detection of any radioactive isotopes. a considerable extent prior to reaching Torresdale. 
For example, the limit of detection of methylene blue, Che results of this last test are shown in Fig. 5 and 
| in model studies, was 0.01 p.p.m. or compared with the results of the computed values 
nd 0.01 m r?” per l. is equal to 1.45 from the 1952 tests and shown to be in fair agreement 
( the MPC value of | Fig. 6). The earlier tests were used to approximate 
nt counting efficiency equal a continuous release by assuming an instantaneous 
The limit of detec- release to occur once each tidal cycle. The increment 
ourse, a function of | of concentrations from each new addition was added 
imple preparation, but to the (dispersed) accumulated concentrations from 
) counts/min per ml are _ the previous additions. 
herefore, a factor of 104 Similar calculations can be made for any other 
etection. his large section of the river or taken from the data of the 
ason to consider second set of model experiments. ‘These give the 
concentrations and the times at which they exist at 
any particular river station for a conservative con- 
taminant. Based on the hypothesized accident, it is 
possible then to determine the distribution of isotopes 
in the river, assuming that they act as conservative 


contaminants. 


Vlaximun credibli accident 


per million are [The hypothesized accident investigated is 

If. as above. i usually the maximum credible accident. ‘The 

curies and the rupture of the containment vessel of the 

r liter will + NS Savannah in a port, harbor, or river area is 
dose in gram notacredible accident (Corrrettetal.,% p. 36 

of contaminant. the Cherefore, the maximum credible accident will 

w different accidents assume leakage from the unruptured contain- 

pondence between ment vessel. 

isotopes The maximum credible accident assumes that 

the accident occurs after long-term operation. 

using the [he fission-product inventory is that after 

600 days operation at 69 MW. It is further 

assumed that 100 per cent of the fuel rods have 

failed and that the following percentages of the 


accumulated fission products are released to the 


containment vessel (CoTTRELL ef al.,“® 


subiected 


to a detailed p 16 
id the model was 


Re leased 


Element 
twenty-« ycle dost at 


York Shipbuilding outfitting 
Xe, Kr, Rb, I, Br, Cs 

Sr, Ba 

le, Se, Sb, Eu, Mo, ‘Tc, Sm 


Y, La, Ce, Pr, Nd, Pm, Zr, Nb, Ru, Rh 


low flows of fresh water. 
in which half the dose was 

iter slack and the remain- 

low-water flow.'” The 

sing was at low-wa ick, as this would tend to 
ve the highest concentrations of contaminant at 
lorresdale water intake. If dosing had been done at Lhe containment vessel is assumed to leak at a 
high-water slack, the contaminant would have been — rate of 0.2 per cent of the free volume per day. 
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14952 MODEL 
GH-WATER 


FLO 


SAMPLED AT HIGH-WATER 


TIDA 
centration 


basin as a 


ment 


the contain- 
Table 2 


main isotopes interest that 


vessel would contain are listed in 


lhe 


taneous 


1958 tests, | and 4, assumed an instan- 


release (3 hr) which is not a credible 


accident. Deposition of air-borne activity 


IS 


approximately an instantaneous release and for 


the worst case results in deposited activity in 


the river four to five orders of magnitude less 
than that by direct release to the rivet 
2 10° ¢ Ref. 10, pp. 40 and 54. 


the 


D.2 
one-half activity 


the 


whi h 
hi 


cvcles. 


Test 2, in was 
during 


be 


remainde1 
to 


in ) and 


tidal 


released 


twenty was judged most 


TESTS 
e 

~ 1S 
HIGH-WATER SLACK 


= 3000 cfs AT 


at Benjamin Franklin brid 


function ol 


ACK 


TRENTON 


SLACK 


CONTINUOUS RELEASE, CONCENTRATION (yc/cm>) 


ec 


of 10% « 


in tidal cycles. 


for dose at NYS outfitting 


Oo 
oC 


time 


his 


produced a maximum exposure, less than 60 


similar to any accident that might occur. 


per cent of the exposure produced by test 3, 


which was a uniform release over twenty tidal 
cycles at low-river flow and less than 70 per 
cent of the exposure produced in test 5, which 
was a uniform release over twenty tidal cycles 
at mean-river flow (as shown in Figs. 7—9 Ref. 10, 
pp. 46, 48 and 49, respectively 

[he critical organ exposures were computed 
from the concentration of fission products in 
the river at a given location and at a given time 
as a percentage of drinking water MPC and 
submersion exposure in mrem/hr if there is 
swimming or boating on the river. 

Che percentage exposure of drinking water 


MPC was calculated for thyroid, bone, total 
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Table 2. Source data for isotopes of interest in hydrospheric release 


Activity Release MPC Exposure (uc/em) to Critical Organ 
to Containment 


lsotop f inking Water” 
sotope Vauiat rom Drinking Water 


Qy (ye) Thyroid Bone Total Body GI (LL) 


1] 4 


10 10-4 3 4x10 
10/0 10~° 5 x 
' 7x10? 7 x 
3x 
3x 
6x 
2x 


3x 


(Insoluble) 


6x 1074 


(Insoluble) 


4x10 


(Insoluble*) 
ta” 
(Insoluble) 
6x10" 
(Insoluble) 
4x10 
3x10 
2x 104 
104 

5x 10° 
2x10? 
(Insoluble) 


4210 


~~ a ~ or ~ ee — ee — ee = | 


x 


Q : . 
Based on permissible occupational exposure for 168-hr week. 


b . 
“These values were taken from NBS Handbook 52. This has now been superceded by NBS Handbook 69, in which 


i ad - oi - -4 ‘ 
the thyroid MPC's for ,'3! 135 are listed as 2 x 10 .: 6x10 . 7x10 > 1x 10 3 and2x 10 , respectively. 


The differences that corrections to the later-bist would make in the pertinent tables and graphs are small, 


c . , ' . 
Not included in the calculations. 
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body and gastrointestinal tract (lower large 
intestines). 

The fraction of the MPC value was calculated 
from equation (2): 
| strc... *1¢ 2 
~ |] ic hee 
source strength of isotope z (uc 
MPC of isotope i(in wc/cm*) for 
water; 
dispersion value 
tained from model data; 


where Q(t 
MPC, 
X/Q in cm~*) ob- 
co critical organ. 
The dose rate from submergence in an in- 
finite volume of water is given in equation (3 

id , Se“ MORB (wR) dQ 
D = ; 

AnR2 

dose rate (rems/hr 
the differential solid angle 


where D 
dQ sterad- 

jans 

flux-to-dose rate conversion 


[ (r/hr)/MeV/cm! sec] ; 


factor 
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$ = source strength (MeV/cm# sec) ; 
dose build-up factor for point iso- 


B,(uR 


tropic source (dimensionless 


e-“/)R — total attenuation factor (dimension- 
less 

attenuation factor per unit length 
cm! 


straight-line path length (cm). 


‘ X ¢ 
10 2 Or E1G a. 

j , , T 
of isotope l c 


total amount 


released to 


where Q , 

containment vessel 
for failure of 100 per cent of the 
fuel elements: 

E... y-energy of isotope 7 (MeV/dis 
X/Q *), 

The summation of Q-£,, is shown on Fig. 10, 
and by using the value Q,/Q7, where Q, is the 
total curie release to the river and Q, is the 
total curie the vessel, 
for the particular test, and time and X/Q values 


dispersion (cm 


release to containment 


Fic. 10. 


Critical organ and submersion dose as 


a function of time in tidal cycles. 
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coefficients are extremely uncertain and difficult 
to predict. They vary widely from species to 
species and from isotope to isotope. The 
problems are so numerous that the Committee 
on Oceanography of the National Academy of 
Sciences—National Research Council stated: 
In arriving at recommended disposal rates the 
interaction of a contaminant with suspended solids 
and bottom sediments has been neglected. It was 
found impossible to make a quantitative estimate 
of the magnitude of this reaction. Neglecting this 
factor puts a certain factor of safety in the recom- 
mendations, as sorption onto bottom sediments 
within the disposal area will provide additional 
containment, thus allowing for further destruction 


of the contaminant by radioactive decay.“ 


However, for the purpose of this study, it 
was felt that these effects should be evaluated 
with the best data presently available. It is 
recognized that the values used are not defini- 
tive and may be in error by orders of magnitude. 
However, an estimate of the effects can be 
made once some values are assigned to the 


lorresdale Municipal 
function of time in 
tidal cy 5 model test 2 
from the model tests, the submersion dose can 
be calcul: a Che maximum = submersion 
doses are shown on Figs. 7-9. It is of equal 
interest to determine the time history of the 
exposure at the most critical site, the ‘Torresdale 
Municipal Water Intake Plant as shown in 
Fig. 11. The results were obtained using the 
above equations and the suitable decay factors 
from Fig. 10 and dispersion factors from Reef. 
9). Similar calculations have been carried out 
for stations at Wilmington and Philadelphia and 
could be done for any of the other stations in 
the model. 


Sedimentation and sorption 


These studies in the model modified by the 
decay calculations show the effects of convec- 
tion, diffusion and radioactive decay. The 
other two major processes effecting the dis- 
persion of radioactive material in the river are 


Fic. 12. Critical organ and submersion dose as 
taken into account as the contaminant is non- a function of time in tidal cycles, including 
conservative. The sedimentation and sorption uptake. 


sorption and sedimentation, which must be 
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Fic. 14. Exposure at Torresdale Municipal Water Plant Intake as a function 


of time in tidal cycles with uptake 


Since 
combined co- 
efficient 2 (hi for [131 7, QO; for 
Sr99, Csl87 and Cel*4, 7 GF: 
isotopes, A 0.1. 

works of 
M and BowENn"?), 


sorption and sedimentation coefficients. 


both SO 
l 


they are indefinite a 
was used; 
and all other 
[he values chosen are based 


upon the Carritt and GoopGcaL™, 


KETCHI 


and PENDLETON and 


model test 2). 


Hanson"), Since the sorption and sedimenta- 
tion are to some extent concentration depen- 
that an exponential decay 
would best express mathematically what was 


dent, it was felt 
taking place physically and would parallel 
reduction in concentration caused by radio- 
active decay and eddy diffusion and convection. 
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Taking these factors into account as shown 


in Fig. 12 and applying them to test 2, the most 


typical case, it is obvious from Fig. 13 that 
iodine is the major hazard at all stations, since 
it is essentially unaffected by sorption and 
sedimentation. Similar effects are found at 
‘Torresdale Water Plant Intake for the time 
history of exposure as shown in Fig. 14. 
CONCLUSIONS 
From the data herein reported, it is seen that 
even the maximum credible accident to NS 
Savannah at Camden, New Jersey, and the 
subsequent discharge of fission products to the 
hydrosphere will not result in unacceptable 
exposures. Such an accident will at most cause 
a temporary maximum concentration in the 
river water twice the maximum _ permissible 
concentration for drinking water for continuous 
occupational exposure and a submersion dose 
of 0.7 mrems/hr. ‘Though estuaries can be 
classified in major types, each estuary harbor 
and port must be evaluated separately to 
determine the exposure that will be caused by 
a maximum credible accident. 
REFERENCES 
F. L. PARKER, Trans. Amer. Geophys. Un. 39, 3, 434 
1958 


H. U. Sverprup, M. W. Jounson and R. H. 


FLEMING, The Oceans, Their Physics, Chemistry, and 


General Biolog p. 91. Prentice-Hall, New York 
1942). 

K. E. Cowser and F. L. Parker, Health Phys. 1, 
152 (1959). 

D. E. Carritr and S. H. GoopGat, The Sorptive 
and Zeolitic Properties of Natural Water Borne Silts 
... im Natural Waters. NYO-4591 (1953 


COTTRELL and L. A. MANN 85 


L. A. Krumuouz, E. D. Go_pBerc and H. A. 
BorouGus, The Effects of Atomic Radiation on 
Oceanography and Fisheries Chap. 7, p. 74. National 
Academy of Sciences—National Research Coun- 
cil, Publication No. 551 (1957 
J. Rostnsk1, Scavenging of Particulate Matter in 
Connection with Nuclear-Powered Ships. ARF 
Project, C-119, Report No. 6 (1959). 
D. W. PrircHarp, A Study of Flushing in the Dela- 
vare Model, Chesapeake Bay Institute. The Johns 
Hopkins University Tech. Rep. VII (1954). 
Delaware River Model Study; Report 1, Hydraulic 
and Salinity Verification, ‘Technical Memorandum 
2-337, U.S. Army Engineer Waterways Experi- 
ment Station, p. 23—24 (1956 
Contamination Dispersion in Estuaries, Delaware River, 
Hydraulic Model Investigation, Miscellaneous Paper 
No. 2-332, Report No. 1, U.S. Army Waterways 
Experiment Station (1959 
W. B. Cottre tt, L. A. Mann, F. L. PARKER and 
G. D. Scumipt, Environmental Analysis of NS 
“Savannah”? Operation at Camden, ORNL-2867 
1960). 
Radioactive Waste Disposal into Atlantic and Gulf 
Coastal Waters, Publication 655, National Academy 
of Sciences—National Research Council, p. 2 
1959), 


. B.H. Ketcuum and V.T. Bowen, Biological factors 


determining the distribution of radioisotopes in 
the sea. Proceedings of the Second International Confer- 
ence on the Peaceful Uses of Atomu Energy, Geneva, 
1958, 15/P/402. United Nations, New York 
1958 

R. C. PENDLETON and W. C. Hanson, Absorption 
of cesium-137 by components of an aquatic 
community. Proceedings of the Second International 
Conference Peaceful Uses of Atomic Energy, 
Geneva, 1958, 15/P/392. United Nations, New 


York (1958). 


Health Physics Pergamon Press 1961. Vol. 6, pp. 86—9 


> 
). 


Printed in Northern Ireland 


PROBLEMS OF PERSONNEL MONITORING AT A 
CRITICALITY ACCIDENT* 


H. F. HENRY 


Unio 


n 
rh 


ed 15 


Abstract 
some experimental di 


pical ] 


tional y—neutron 


individual, his ty 


radiation source. 


unidires 
lose indicated by either a 7 


wr 4, di 


Noi 


ersonnel monitoring device, 
These data show that, for a given exposure, the 


only to the attenuation by the individual’s body. 


Carbide Nuclear Company, Oak Ridge Gaseous Diffusion Plant, Oak Ridge, Tennessee 


ember 1960 


With respect to personnel monitoring at a criticality incident, the implications of 


lata are reviewed which show the dependence of the relative positions of an 


and the excursion which is essentially a 


- or neutron-sensitive device of the type generally used can vary by 


Similar data 


the effect of moderation and reflection in affecting the neutron spectrum 


vice as compared to that actually incident upon the individual. In view of 


indicatec 
> . wid 
can proviat 


ll 
I 


osed, 


1, it is concluded that, although a 
sufficiently accurate data concerning an individual’s 


y- and neutron-sensitive 


poses and will be useful for the prompt identification of personnel who 


a monitoring system consisting of blood sodium determinations as 


pe dosimeters is necessary to provide data which is useful in indicating 


eople conside1 
exposure al 
extension of 

routine health | ics ri tori procedure 
this ome of the possible 


ol 


such 


paper 
itt 
personnel 

bad 
make 
lor 

criti 


: the use simple 


uncertall 


mo} a film 


or simul it is necessary to 


e 
it ipt dose determinations 


, d : ly 


those wit ay seriou 


accul 
exposed lia 
hom careful medical 
will be 


attention, in s hospitalization, 


ill include those 
pproximately 


importance 


Cl ed exposures ota 


n Of 7 


lore, articular 


where “‘heroic”’ 


he 
ii¢€ 


uch determinatior 


{ol life- a’ 


evaluation. 


would be 


I) may depend upon t 
yn that routine monitoring 


| ] 


methods can 


1@ prin ipal reas 


not, in general, give data of the 


necessary accuracy is the fact that the radiation 


ai 1 on work performed at the 


iis document bas« 


lant operated by nion 


». Atom 


diffusion } 


the | 


Oak 
Cz 


mission. 


gaseous 


arbide Corporation fot Energy Com- 


86 


from an accident will be unidirectional whereas 
in routine monitoring activities, the incident 
radiation is usually multidirectional, thus per- 
mitting an “‘averaging”’ of the exposure with a 


consequent more accurate determination of the 
relative dose for various monitoring periods. 
Since such exposures are usually low, and the 
data obtained are primarily necessary for long- 
of this 


in 


maintenance, 


be 


record 

will 

article. 
It be 


term exposures resulting from an accident will 


term exposures 


type not considered further this 


may noted that the dangerous short- 
generally occur during the reaction itself and 
will thus involve both neutron and y-exposures ; 
accordingly, the succeeding analyses will be 
concerned with uncertainties inherent in moni- 
toring both radiation types. 

The information presented concerning some 
of the uncertainties in simple neutron activation 
of indium foils was obtained by analyzing raw 
data obtained in 1950 and 1955, respectively, 
for use in calibrating the indium foil used in the 
ORGDP and Y-12 security badges.">®) Fig. | 
shows this security badge which proved of 
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great value in identifying those who were 
seriously exposed at the Y-12 incident in June 
1958. Fig. 2 shows the ORGDP calibration 
method using a critical uranium solution as has 
been previously described.@>® It will be noted 
that both bare and 
enclosed within cadmium sandwiches 
paraffin block 


indium foils such foils 


were 


interspersed in **phantoms” ; 


essentially, this resulted in the determination of 


the thermal and indium resonant neutron fluxes 
as transmitted through the various thicknesses 
of paraffin. 

The Y-12 method) is shown in Fig. 3 where 
*“Godiva’’,‘® 
1 -ft? 
sucrose—urea solution in proportions giving the 


the neutrons were obtained from 
and the phantoms used were 


same average chemical composition as the 


It will be noted that the indium 
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human body. 
was placed on all four sides of these phantoms. 


No particular effort was made in either set of 


* In these experiments, three tests were made with 
**Godiva” inside of a building and a fourth one with 
*‘Godiva”’ outside of the building. These conditions are 
indicated in Figs. 5, 9 and 10 by the notation ‘‘Inside”’ and 


**Outside”’. 
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experiments to place the detectors so as to 
eliminate scattering from the surroundings and 
similar random effects. In fact, some of the 
units were placed near material with good 
moderating and reflecting properties to enhance 
these effects since it was assumed at the time of 
planning these experiments that such factors 
would simulate actual conditions, although it 
that 
somewhat complicated thereby. 

Fig. 4, which is taken from the ORGDP 
data, that an 


was recognized the results would be 


indicates overall attenuation 
factor of approximately 3 has been attained 
with 8 in. of paraffin. This also reflects some 
effects of moderation in changing the neutron 
spectrum as will be described later. Fig. 5 gives 
similar information from the Y-12 data where 
the comparison is between an indium foil placed 
in front of and one behind a phantom, and the 
attenuation factor is noted to be of the order 
of from 3 to 7 for about 12 in. of solution. 

summarizes data 
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attenuation factors of about 5 are indicated for 
a thickness of approximately 12 in. 

In all of the above data analyses, the results 
indicate the discrepancy in the exposure in- 
dicated for an individual who is wearing a 
personnel monitoring device, such as a film 
badge, conventionally, when the reaction, which 
is then the source of radiation, occurs behind 


him. It 
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qa 6 8 
Phantom depth, 
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attenuation, the relative positions of an in- 


dividual, the detector, and a reaction would 
need to be very accurately known before the 
actual dose could be determined for a given 
exposure; without such information, uncer- 
tainties in exposure indications by factors of the 
order of 3 are easily possible for either neutron 
or y-exposures. 

The use of a neutron detector also involves 
considerations of moderation and reflection by 
an individual’s body with the result that the 
neutron flux spectrum affecting the detector 
will not be identical with that incident upon 
the individual. 

Some of the effects of moderation and reflec- 
tion are indicated by Figs. 7 and 8, which give 
the relative activations of bare and cadmium- 
If it 


is assumed that practically all of the activation 


covered foils in the ORGDP experiments. 


thermal and indium resonance 


be assumed that only the 


results from 


neutrons, it may 


resonance neutrons will affect a cadmium- 
sandwiched foil, but that both resonance and 
thermal neutrons will affect a bare foil. 

Fig. 7 thus indicates that the foil activation 
due to the incident neutron beam used was due 
about equally to these two neutron energies. 


Fig. 8 shows the results of similar data taken 


with the foils placed in front of a paraffin block. 


In this case, it is apparent that both the bare 
and cadmium-sandwiched foils will be activated 

reflected neutrons. The 
foils are activated by the 


by incident and 


cadmium-covered 
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resonance neutrons only, while the bare foils 
will be activated by both thermal and resonance 


neutrons. Hence, the data indicated on line £ 


of this figure are the ratio of the activations due, 
respectively, to the thermal and _ resonance 
neutrons, both incident and reflected. It will 
be noted that the ratio is not unity as would be 
the case had there been neither selective 
reflection nor moderation, nor both, by the 
paraffin. With respect to practical monitoring, 
these data indicate that even when a neutron 
indicator is in the best possible position with 
respect to the reaction, the exposure which it 
indicates will differ from that actually incident 
on the individual since the incident neutron 
spectrum will be altered. 

In general, evaluation of radiation scatter 


from surroundings is not particularly important 
since such scatter is also incident on the in- 
dividuals concerned. However, some of the 
Y-12 data as summarized in Fig. 9 indicate that 
neutron back-scatter can produce activation 
which is as much as four times that due to the 
input incident radiation. Similarly, Fig. 10 
indicates that forward-scatter, which is probably 
approximately the same as back-scatter, can be 
about the same as attenuation. Other data 
indicate that the effect of side-scatter is some- 
what less than that of back-scatter. The effect 
of y-scatter is only about 5-10 per cent and is 
thus negligible in comparison to other effects.‘” 

Another factor which may affect the ex- 
posure indicated by personnel monitoring is the 
difference in the neutron and y-spectra from 
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reactions in differing materials. Fig. 11 sum- 


marizes some calculations showing the effect of 


the 
trum." It has also been shown that the fraction 


solution concentration on neutron spec- 


of escaping neutrons which are at low energies 
varies from zero at fission to about 20 per cent 


in a well-moderated system, and the average 


dose per neutron does not vary markedly with 
moderation.“® ‘The neutron dose ratio is 
probably even more important, and there have 
been indications that this dose ratio can be of 
the order of from 4:1 to 5:1 for well-moderated 


solutions, 1:1 for dry salts, and about 1:5 to 


1:10 for metal systems. 

Based on the data presented, it appears that 
the addition of a simple neutron-detecting foil 
to any used monitoring 


presently personnel 


device, or the use of such a foil independently, 


will make possible the prompt identification of 


employees who may have been exposed in an 
accident. This identification is extremely im- 
portant for those who may have been sufficiently 
highly exposed that medical attention is neces- 
sary. Probably the simplest device is an indium 
foil although it may be noted that after a period 
of about 6 hr following an excursion, a gold 


foil will show a higher activity than an equal 


mass of indium. This device alone can give an 
indication of the actual exposure, especially 
where some information concerning the incident 
spectrum is available, but more complete data 
should be obtained if other y and neutron 
exposure-indicating devices, such as those which 
might be employed in a normal personnel 
monitoring program, are also used. ‘This may 
include various foil and film components with 
carefully chosen filters. Although the exposures 
indicated by these devices will be subject to the 
various recognized uncertainties inherent in any 
system of routine personnel monitoring, the 
the 


personnel exposure records of the individuals 


necessary exposure data for inclusion in 
concerned should be readily obtainable. 
However, for high-level exposures for which 
medical decisions concerning specialized therapy 
the 
determination 


may be promptly necessary, probable 


uncertainties in dose due to 
orientation effects as described are sufficient to 
indicate the use of a type of measurement in 
which these uncertainties may be minimized. 
In this case, it appears that neutron-activated 
body fluids should give the most accurate data 
on relative neutron exposure, and measurements 


on blood sodium will probably give the best 


H. 


results. However, calibration of body fluids 
for an determination of 
requires data on the incident neutron spectrum 


absolute exposure 


neutron dose ratio. Area monitors 


and the y 
spaced throughout a work area and incorpora- 


ting components designed to give these data are 


thus indicated as an important part of an 


over-all personnel monitoring system. 
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Introduction 


MAny individuals directly associated with atomic 


energy development have indicated the extent to which 
engineering criteria were influenced by the need to 
protect the public health and safety from the radia- 
tion hazards generated by the fission process. Persons 
from the diverse fields of physics, mechanical and 
insurance, investment, govern- 


ment, public health and atomic 


chemical engineering, 
energy Management 


have repeatedly emphasized that the obtaining of 


protection against such atomic hazards is expensive. 
Entire systems have been incorporated in nuclear 
reactors to provide for protection, and these systems 


have influenced design of accessory or related 


systems. If he: safety were not the major 


problem in reat many applications of 


nuclear reactors migh possible which are not 


seriously considered today. A nuclear reactor could 


consist of a few simple components: a heat source, a 


coolant, pipes, a turbine and associated controls. 


(‘he reactor could be built almost completely out-of- 


doors, above ground, anywhere, at any level 


powe I 


and with 


1 minimum of governmental control. ‘This 


be a power ut s executive’s dream. But 


lust consider |} 


The basic problem 


on process in the reactor core produces in- 


tense quantities of radiation and radioactive materials. 


Human beings are sensitive to any level of radiation, 


and while some exposure to radiation can be per- 
mitted, excessive 


kill. ‘The 


Cal h 


exposur‘ injure and perhaps 
so engineered that 
health 


is designed to 


power reactor must be 


component, which affects the hazards 


from routine or accidental operation, 
contribute toward safety. The problem is to extract 
useful heat and, simultaneously, minimize biological 
damage to human beings. 

Minimizing damage to human beings influences the 
design of every major component in a nuclear power 
reactor. The entire costs of many of these can be 
attributed to the need to provide protection. It is 
not necessary to estimate the difference in costs be- 
tween a special fast-closing valve in the primary cool- 


ant loop of the PWR-type reactor and a standard 


valve in its place. The entire coolant loop was re- 
quired to isolate the steam to the turbine from the 
reactor system, to minimize possible contamination 
from radioactive materials in the coolant. Replace- 
ment of the air locks through the containment vessel 
with less expensive, simpler air locks does not change 
the fact that the entire containment vessel was re- 
quired to prevent the escape of radioactive materials in 
the event of a reactor incident. The design effort put 
into air locks, the piping seals, hatch and vent covers, 
fast-closing exhaust ventilation ducts, special butterfly 
valves and special electrical connections, was required 
to maintain the containment vessel’s integrity against 
leaks. 


Typical of entire systems which can be 


“charged” 
against safety are primary coolant loops, containment 
shells, biological shields, radiation-monitoring system, 
the remote and large plant site and, in some instances, 
fuel-element cladding. There are safety factors placed 
on electronic control equipment, operating-tempera- 
ture limits, thicknesses and nature of supporting 
structural materials, building foundations and aux- 
iliary mechanical systems. 

Ever present is the fear that some aspect of the 
safety problem may have been overlooked during 
design. This fear pervades the whole design problem 
and effects costs from the initial conception of the 
project to the first few months or years of operation. 
Che consideration of health and safety looms like a 
ghost in every drafting room and engineering con- 
ference where atomic components or systems are de- 
signed. It forces preoccupation with extra equipment, 
stringent control of materials, solutions to new or 
unique legal questions, insurance on an unprece- 
dented scale, and of quality and training of personnel, 
among many problems. Canned pump; and special 
valves are accepted as natural requirements, rather 
than as expensive alternate solutions to particular 
problems. 

The extent to which the public accepts or rejects 
atomic energy power plants in a particular area is not 
yet evident. Only one major reactor project has been 
challenged on the basis of safety. Should public op- 
position to a reactor reach the point that no opera- 
tion is possible, the entire cost of the construction of the 
plant up to that point could be considered a health 
and safety cost. 

Obviously major systems which are directly re- 
quired for radiation protection should be examined for 
possible reduction of costs, and several attempts have 
been made suggesting alternative approaches to 


NOTE 


shielding, containment, cladding, exclusion areas 
around reactors, intermediate coolant loops and other 
significant safety systems. 


Minimizing health and safety costs 

The question can be asked: what are the several 
approaches to reactor component design which sug- 
gest themselves if health and safety costs are to be 
minimized? The following approaches are suggested 
by the above analysis. 

1) Core and fuel element design: natural uranium 
(possibly in the form of highly refined ore); no fuel 
fabrication into metal ingots or forms. 

(2) Cladding: eliminate cladding by suspending 
the fuel in a solution which could serve as moderator, 
neutron reflector and perhaps the coolant as well 
(possibly heavy water). 

3) Intermediate coolant loops: 
mediate coolant loops; use coolants which minimize 


eliminate inter- 


neutron activation. 


4) Fission product control: continuous removal of 


fission products. 
(5) Shielding 
containment with the shielding. 


and containment: combine the 


6) Standardization: fix design criteria for all 
components, auxiliaries to test against 
contribution to safety; minimize use of special com- 


systems or 


ponents. 

The elimination of the intermediate coolant loop 
has been accomplished in the boiling-water reactor 
system, which uses highly purified water as the coolant 

which is actually boiled within the reactor core and 
turbine. Other 


approaches to the above suggestions have been attemp- 


the steam passed directly to a 


ted on an individual basis. The essential ingredient in all 
of these approaches is to optimize health and safety 
costs, particularly identifying those which cause 
escalating increases in other component design costs. 
That fundamental design 
approaches similar to those developed above are in the 
process of being planned or built would seem to indi- 


cate that over-all costs may be significantly reduced, 


reactors containing 


and that economical, competitive, nuclear power is 
not impossible, through optimization of identified 


health and safety costs. 


Conclusions 
(1) Health and safety requirements underly the 
design, or testing, of almost every nuclear power reactor 
component or system design decision. 


(2) Health and safety requirements underlie almost 
every aspect of government regulation of atomic 
energy, including the creation of a unique federal 
government supervision. 

(3) Health safety 
many aspects of operating costs of a nuclear reactor, 


and requirements underlie 
including specialized personnel, extraordinary insur- 
ance, and special labor and public relations programs. 

(4) The composite cost of each of the individual 
costs which are attributable to health and safety 
may account for from 20 to almost 100 per cent of the 
entire nuclear power plant cost. 

5) The composite cost of the specific health and 
safety requisites for a pressurized water-type reactor 
is estimated to bea mininum of 39 per cent of the reactor 
portion of the construction costs, using data available 
at the time this summary was prepared on costs of 
systems and components. 

6) Hidden safety costs, when added to the specific 
ones, may result in a minimum of 65 per cent of the 
construction costs of a pressurized-water reactor. For 
the boiling-water reactor, the health and safety costs 
add up to 57 per cent of the total construction costs. 

(7) There are approaches to reactor design which 
suggest themselves if safety costs are to be reduced 
which should result in a reduction of the cost of 
electricity produced as a result of nuclear fission. 

‘8) There are reactor systems which are being con- 
sidered and developed which are applying these 
approaches. Some have progressed to the point where 
competitive nuclear power is predicted from plants 
now under construction. 

(9) If all approaches suggested herein could be 
combined, in perhaps a new reactor type, nuclear- 


produced electricity should be obtainable at lowered 


costs—without jeopardizing necessary safety require- 
ments. 

10) Recognizing the effect on the design and 
costs of subsequent components from increasing a 
safety factor in an initial, determinant, system should 
warn the design engineer to make such initial-design 
decisions only after complete evaluation of all possible 
effects. 

11) Standardization of reactor designs, at least in 
terms of safety criteria upon which to make decisions, 


is suggested. : 
S SAUL J. HARRIS 
Atomic Accessories, Inc. 


Valley Stream, New York 
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COMPANY PROVIDES as low as 10 rad. can be detected, while the upper limit ex- 

tends far beyond the lethal range. Belts are of leather and 

RADIOMETRIC ANALYSES! similar in appearance and serviceability to good quality 
ALL SAMPLES WILL BE dress belts. Sizes range from 30 to 46 in black or brown. 

ANALYSED AND MAILED 
BACK TO YOU Lttlidia Leiden 


WITHIN 24 HOURS 


4047 Transport St., Palo Alto, Calif. * Phone DA 3-1279 
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Radiation Monitors 


Daylight on Day Hospitals | VES On, Wars, Se 


ai 7 Units or systems to solve practically any 

If— ? at ) . 
Recent Reviews of monitoring problem. Model AM-33R is 
the first air monitor to solve the natural 


The Day \O radon progeny problem by providing 
direct identification of long half-life 


Hospital Movement BeQi emitters. 
in AM-33R $6,580.00 


P P Others from $1,445.00 
Great Britain 


» ALARM SYSTEM 
JAMES FARNDALE ‘ 


This maintenance-free ‘““Gammaguard”’ 
“This interesting book falls into two parts. The first provides an alarm for any area where 
part traces the development, organisation and functions . : 
of day hospitals and day centres—both psychiatric fissionable materials are stored, used or 
and geriatric—with particular emphasis on admini- processed. Eliminates central power 
strative, economic and social aspects, while the second 
part gives a detailed account of 65 day hospital and supply. Works alone or as part of a 
day centres which the author visited in 1958-59 . 
2 $ 7 

During that year Farndale was seconded from his system. GA-2 $595.00 
position as deputy secretary to the Board of Governors 
of the Bethlem Royal Hospital and the Maudsley 
Hospital, London, to carry out a research project at p o 
the University of Manchester. The book is, in fact, j Cc Ss 
the report of that project, which was carried out with Proportiona ounting ystems 
the “agreement, interest and support of the Ministry 
of Health and certain professional, voluntary and PC-3A $1,395.00 
charitable organisations 

“Subjects suggested for study included the cost of The only instrument that 


day treatment in relation to that of inpatient treatment, 
the question of whether any saving might result to the counts every alpha and beta 


National Health Service by treating more psychiatric emitted in a 2 pi angle from 


patients by the day, the effect of day hospital provision 
on the demand for inpatient beds, and whether day | prepared samples. Ideal for 
hospitals are relieving or would relieve the overcrowd- C-14, Ca-45, P-32 and H-3. No 


ing in some mental hospitals 
“Farndale makes no exaggerated claims for the | window absorption. A four Pp! 
success of day hospitals, rather is there a note of caution model also is available. 
and reservation But though he admits that the 
movement has so far developed on a very small scale, 
he points out that the work carried out by day hospitals | 
and day centres “is impressive’. ‘There appears to be S 
a need for more and they deserve be widely Y Spectrometer ystem 
developed.” Points suggested in favour of this develop- 
ment are: many patients would prefer treatment as 
day patients to treatment as inpatients if offered the 
choice: many doctors think that day hospitals are a 
Satisfactory substitute for inpatient treatment, and 
some consider that it is a better method for certain 
patients; again many doctors consider day hospitals 
to have medical and therapeutic advantages; and the 
public themselves are showing an increasing desire for 
day and evening psychiatric treatment 


“FF F di als, sz arndale, co | f = 
sychiatric jay hospitals, says Farndale uld GSS-! $4,180.00 
make their maximum contribution when in close touch 
with a psychiatric hospital or psychiatric inpatient | (Complete System) 
unit, though not necessarily ‘attached’ thereto — ‘“ ” 

“ The one system that eliminates “dark current” defect. 

The book carries a preface from the Hon. W. S ? . ile 

MacLay, senior medical commissioner of the Board of Combines better resolution with greater precision over 
Control, who commends it to all who are planning day 


hospitals as part of their service to the community.” | wider range than any other system—at any price. 
Hospital and Health Management, June, 1961 Range: 7 kev. to 5 mev. 


all those who are concerned with the : , , 
operation or planning of day hospitals will find this an All prices are F.O.B. Indianapolis 


invaluable work of reference.” 


imerican Journal of Psychiatry 


anil ote. ws hen | WRITE FOR FREE LITERATURE 


| NUCLEAR MEASUREMENTS CORP. 
PERGAMON PRESS | INDIANAPOLIS 


2460 N. Arlington ¢ Indianapolis 18, Indiana 
International Office 13 E. 40th St., New York 16, N.Y. 
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Highly 
accurate dose 


and dose-rate 
measurement— 


ul n IONEX lIonisation Meter measures 


OVER AN EXTREMELY WIDE RANGE. 3s: 9/00 ihe? BoM" 98 


) 1000¢ in 
The Baldwin IONEX Ionisation Meter is a precision D.C. amplifier for measur- 
ing dose and dose-rate of ionising radiations over a very wide range of energy 
and intensity. A small thimble chamber of approximately 0.6 cc. is attached 
to the end of a flexible cable to measure dose distribution, depth dose, half 
value thickness, and to calibrate other instruments. 
For measuring soft X-rays, alpha and beta radiation, radiographic exposures, 
and for checking contamination, a nominal 600 cc. chamber with a window of 
0.005 in. Styrafoil (equivalent to approximately 1 cm. of air) is used. Facilities 
are provided for the fitting of a recorder where required. 
Write now for Leaflet HP 37/118 which gives complete, easy-to-read information 


INSTRUMENT DIVISION 


Baldwin Industrial Controls 


Baldwin Instrument Company Ltd., Dartford, Kent 
Telephone: Dartford 26411 & 20948 Cables: Baidwin, Dartford 
Telex: Baldwin Dartfd. 25236 A HARPER GROUP COMPANY B37 
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featuring 


ultra-high E.H.T. SUPPLIES NE S302 & NES303 


stability and 
*VOLTAGE RANGES 


precision NE 5302: 500-1500 volts D.C.; max 
current 5mA 

NE 5303: 1000-5000 volts D.C.; max. output 
current 3 mA 


output 


switching 


*SPECIAL PRECISION SWITCHING 


Both units feature use of switched precision resis- 
tors for coarse steps of voltage adjustment, and 
0.1°, ten-turn potentiometers for fine voltage 
control, thus ensuring accurate resetting of the 
output voltages to 0.1 volts 


*STABILITY AGAINST FULL LOAD 


For both units, 50 parts per million measured at 
full output voltage 

*STABILITY AGAINST LINE VARIATIONS 
OF 10 

For both units, 
full output voltage 


50 parts per million measured at 


Also available, the following companion *NOISE AND RIPPLE LEVELS 
units . . 

Less than 5 millivolts for any voltage setting 
Non-overloading Linear Pulse Amplifier 
NE 5202 Preamplifier and cathode 
follower NE 5202A; Single-channel pulse 
height-selector NE 5102; Scanning Scin- 
tillation Spectrometer NE 8601; Rate- 
meter NE 5401 


Write for new catalogue, Price List 


Nuclear Enterprises (G.B.) Ltd 


Bankhead Medway, Sighthill, Edinburgh II, 
Scotland. (Tel. CRA 5262) 


Associate;Company: Nuclear Enterprises Ltd. 


550 Berry Street, Winnipeg 21, Canada 


ONE 
RELIABLE 
SOURCE 


for all 
RADSAFE 


SERVICES & EQUIPMENT 
including 


1497 X ; 


Health Physics Consulting 
Low Level Counting 
Leak Testing of Sources 
Bioassay 

Plant Survey 
Decontamination 

Film Badge 

Training Courses 


Environmental Surveys 

Effluent Analyses 

Alpha, Beta, Gamma & 
Neutron Monitors 

Air Samplers 

Alpha, Beta, Gamma & 
Neutron Calibration 

Sources 


write for catalogs and quotations 


Industrial and Research Radioactive Sources, 
Tracers and Associated Equipment are also offered. 


U.S. NUCLEAR 


CORPORATION 
Box 208 Burbank, Calif. Vi 9-6176 


VICTOREEN ‘ses aor 


Models ST#200, ST-290D, ST-400, ST-400D 


Multidimensional Series 


“M"’ Series — 400 and 800 Channels (1 to 8 inputs) 


Victoreen’s fine family of analyzers i§ widely recognized Service by 
RCA SERVICE COMPANY 


as being unpafalleled in... versatility... long term 
A Division of Radio Corporation of America 


usefulness ... performance... value. 


Their supefior design concepts provide the highest 
degree Of linearity and freedom from data shift, 
independent of counting rates. Lingar selection memory 
circuitry assures rapid and reliable data handling. Multiple 
input configurations meet any user requirement. a 
These Victoreen analyzers provide all of the features 
most desired — and are the only analyzers which bear the 5806 HOUGH AVENUE * CLEVELAND 3, OHIO 


‘sean name Tullamore the Hallmark of Quality. EXPORT: 240 WEST 17th ST.» NEW YORK 11, NEW YORK 


VICTOREEN—WORLD’S FIRST NUCLEAR COMPANY 
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PERGAMON PRESS 


specialized journals 


for 
specialized advertising! 


Space is available to all manufacturers of survey instruments (geiger counters, 
ion chambers, scintillation counters, proportional counters, fast neutron survey 
instruments, alpha monitors, etc.); personnel monitoring equipment (film badges, 
pocket ion chambers, pocket alarm meters, film badge service, personnel monitoring 
film, etc.); area monitoring equipment (constant air monitors, water monitors, 
fallout-trays, etc.); building monitors (alarm meters, filter paper, scalers, air samplers, 
instruments for assessing levels of x, /, y or n activity, hand and foot counters, 
clothing monitors, laundry monitors, etc.); counting room equipment (scintillation 
counters, ion chambers, proportional counters, 47 counters, gas flow counters, 
coincidence counters, range analyzers, multiple channel analyzers, etc.); and a vast 
amount of other equipment such as total body counting equipment, stack filters, 
protective clothing, shielding equipment, X-ray equipment, dark-room photographic 
equipment and remote control equipment, protective clothing, shoe covers, etc., etc. 


THIS IS ONE OF MORE THAN 70 INTERNATIONAL 
SCIENTIFIC JOURNALS. SPECIAL REDUCED 
“COMBINED RATES” ARE OFFERED TO 
MANUFACTURERS ADVERTISING IN MORE THAN 
ONE JOURNAL. 


For details WRITE OR PHONE to 


R.D. MILLER 
Advertisement Manager 
PERGAMON PRESS 
4 Fitzroy Square, 122 East 55th Street, 


London W.| New York 22, N.Y. 
Phone: EUSton 4455 Phone: Plaza 3-9651 
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end be 
PERSONAL 


PERSONAL RADIATION MONITOR 
For those who work 
with potentially 
hazardous radiation. 

The perfect companion 
instrument to your 
Landsverk Dosimeter 
It provides an audible 
and visual alarm 
when exposed to above 
normal radiation intensity 
A sensitive subminiature 
geiger counter complete 
with transistor power 
Supply, transistor amplifier 
and alarm circuit that 
do not block out 
at high intensity 
Indicates backgrounds to 10 r/hr 
*Model L-135A up to 100 r/hr 
*Long battery life 
°512" long by 34” diameter 

y 3 ounces 


audsuerhe 
ELECTROMETER 
COMPANY 


RADIATION MONITOR 
MODEL L135 


641 SONORA AVE. + GLENDALE 1, CALIFORNIA 
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CG PLENUM PRESS 


BIOLOGICAL EFFECTS OF 
MICROWAVE RADIATION 


Volume | 


Proceedings of Fourth Annual Tri-Service Micro- 
wave Conference, held August 16—18, 1960, New 
York University Medical Center. 


Sponsored by Rome Air Development Center, Air 
Research and Development Command, United States Air 
Force, Griffiss Air Force Base, New York. 


Edited by Mary Fouse Peyton, Department of 
Industrial Medicine, New York University Post- 
Graduate Medical School. 


The papers in the present volume range from discussions 
of fundamental considerations of the molecular responses 
of living tissues to microwaves, through reports concerned 
with the physical characteristics and measurement 
of microwave energy, to the organizational and admini- 
strative problems of protection. This volume will be of 
considerable value to all those concerned with radar 
hazards and their prevention 

$10.00 


327 pages Complete contents upon request 


= PLENUM PRESS 
227 W. 17th St. * New York 11, N. Y. 


ENVIRONMENTAL 
HEALTH 
ENGINEER 


Opening in environmental research section of 
corporate Biochemical Research Laboratory. 


Position involves primary responsibility for measure- 
ment, evaluation, and control of plant environmental 
conditions in the field of radiation, but also includes 
investigation of such other factors as exposure to 
chemicals, heat, light, and noise. Requires under- 
graduate training in chemistry or chemical engineer- 
ing, and M.S. training, or experience, in health 
physics or industrial hygiene. 
Salary commensurate with training and experience. 
Excellent educational, recreational, and living 
facilities at Midland, Michigan. Relocation expenses 
paid. Send resume to: 

James E. Campbell 

P.O. Box 468 

The Dow Chemical Company 


Midland, Michigan 


Fountain-Pen-Sized 


“CHIRPEE” 
PERSONAL 


RADIATION 
VONITOR 


Loud chirping signals 
Flashing neon lamp 

Unique ‘‘on-off’’ device 
Lightweight . . . only 344 oz. 
Long battery life 

Based on O.R.N.L. design 


Model PRM-253 ‘‘Chirpee”’ is a mini- 
ature, lightweight (314 oz.) radiation 
monitor that warns the user when he 
encounters an unexpected radiation 
field. It features visible and audible 
warning signals . . . a flashing neon 
lamp and a “‘chirping’’ sub-miniature 
speaker. Both are activated simul- 
taneously, at a rate proportional to 
radiation intensity. 


Write for Bulletin H53 


ATOMIC 


OCCESSOIIES INC. 
Subsidiary of Baird-Atomic, Inc. 
817 W. Merrick Rd., Valley Stream, N. Y. 


Represented Nationally by 
Baird-Atomic Sales Offices 
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What's 
good 


for 
nuclides 
in 

New 
Haven 
1s 

good 


for 
those 
in 


New Zealand* 


We think the reason people all over the world 
buy TMC pulse analyzers is pretty much the 
same reason they’re widely purchased and used 
here: competently designed, bug-free circuits 

. . straightforward operation with the same 
performance and stability today as yesterday 

. . easy access to sub-assemblies and uncom- 
plicated servicing if needed. Another way of 
putting it is the instruments give the user the 
information he wants in his work — with pre- 
dictable behavior—regardless of where his site, 
lab or plant may be located. Here are two 
current examples: 


The TMC CN-110 256 channel analyzer offers 
7 interchangeable plug-in logics, including 
pulse height, time of flight, pulsed neutron, 
multiscaler, mass spectrometer,and coincidence 
pair. This widely used and thoroughly proven 
analyzer (over 100 units have been delivered) 
employs all-transistorized circuitry. Analog, 
binary, octal and decimal readout may be used. 


Data can be recorded on strip chart or X-Y 
recorders, printed paper tape, punched paper 
tape, or punched cards. 


The Model 404 is a compact, 400-channel 
analyzer you can use anywhere there’s a wall 
outlet and one square foot to put it down. It 
has a magnetic core memory that can be used 
in sub groups of two or four; four separate in- 
puts and associated amplifiers; internal pulse 
routing circuity; pushbutton data transfer and 
display overlap; power requirement of only 25 
watts, and many ‘‘system’”’ advantages. While 
its versatility is a little less than the CN-110’s, 
so are its size, price and purpose quite different 
from the 110’s. Each does its own job well. 


* Also wherever TMC Pulse Analyzers are used... 
in Canada, Brazil, Australia, Japan, Yugoslavia, 
France, Italy, Germany, Belgium, Sweden, Den- 
mark, Switzerland, Israel, Formosa... as well as 
the United States. 


WRITE FOR LITERATURE 


441 WASHINGTON AVE., NORTH HAVEN, CONN. « CE 9-2501 


MC TECHNICAL MEASUREMENT CORPORATION 


Do you need a really fast, efficient, ‘one source’ 


technical writing, illustrating and printing service? 
The Pergamon Press Technical Writing Division 
offers a fully integrated service, capable of under- 
taking the complete design and production, including 
translation from and into foreign languages, of all 
types of technical printed matter, and especially 
user/operator handbooks, instruction and maintenance 
manuals, sales brochures, catalogues and company 


reports. 


The Division is staffed by experienced, highly quali- 
fied technical writers, draughtsmen and typographic 
designers, and in addition can consult the several 
hundred internationally eminent authors and editors 
who publish with the Press, and obtain their advice 
and services in every specialized sphere of science, 


medicine and technology. 


We offer keenly competitive prices, high quality and 
speedy delivery, and shall be pleased to submit quota- 
tions for all or any one of our services. We guar- 
antee complete security when handling work of a 


confidential nature. 


* 
— 


eee For immediate attention to your requirements 
Part of the litho print room please write or telephone 


The studio JOHN BURLS, B.Sc., General Manager 
Pl he -/| 


PERGAMON PRESS TECHNICAL WRITING DIVISION 


4/5 FITZROY SQUARE, 
LONDON W.I 
Telephone: EUSton 4455 


Editoriai and sales offices also at: 


Headington Hill Hall, Oxford 
122 East 55th Street, New York 22, N.Y., U.S.A. 
24 Rue Des Ecoles, Paris V@ Kaiserstrasse 75, Frankfurt am Main 
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NEW MODEL suRVEY METERS 


..-With important new features for Health Physicists! 


JUNG 


measures and a 
distinguishes between 
alpha, beta, and gamma radiation 


New Model CP-3 CUTIE PIE 


has built-in alpha and 
beta absorption filters! 


This portable survey meter has 3 full-scale 
ranges of 50, 500, and 5000 mr/hr and is 
especially useful in detecting alpha, beta, or 
gamma radiation in such inaccessible spots 
as corners, behind pipes, etc. It incorporates 
new circuitry, plus a battery pack with 800 
hours of operating life 


| 


Write for Bulletin No. 180 (Juno) 


or Bulletin No. 165 
(Cutie Pie) 


New Model 7 JUNO 


is DEPENDABLE even under 
high humidity conditions 


The Model 7 Juno is T/A’s new improved ver 
sion of the original Hanford instrument. It 
features a hermetically sealed switch box 
and desiccant cartridge, thus insuring high 
efficiency performance under adverse humid 
ity conditions. Additional features include a 
high impedance circuit, a large open-face 
meter, and a new 800- hour battery pack 


ALPHA 


ALPHA SCREEN 
<a \- ABSORBER 
~ 


ie 


REMOVABLE 
BATTERY PACK 


a ( Alpha and/or beta 
aasonsen radiations are 


7 - easily rejected 
“4 by swinging the 


4 proper absorber 
. into place. 
(XN 
ALPHA 
WwinDOW ALPHA ABSORBER 


TECHNICAL ASSOCIATES 


Instrumentation for Nuclear Research 
140 WEST PROVIDENCIA AVENUE — BURBANK, CALIFORNIA 
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STEEL ROOMS 
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as already supplied to 
Windscale, Karlsruhe, 
Adelaide and Dounreay 


SAUNDERS - ROE & NUCLEAR ENTERPRISES 
NORTH HYDE ROAD, HAYES, MIDDLESEX. TELEPHONE: HAYES 3800 


Health Physics Pergamon Press 1961. Vol. 6, pp. 97-102. 


Printed in Northern Ireland 


SOME FUNDAMENTAL ASPECTS OF MARINE ECOLOGY 
IN RELATION TO RADIOACTIVE WASTES* 


MILNER B. 


SCHAEFER 
Inter-American Tropical Tuna Commission, Scripps Institution 
of Oceanography, LaJolla, California 


Received 10 October 1960 


THE MARINE ENVIRONMENT AND 
ITS SUBDIVISIONS 

THE oceans of the world cover about 71 per cent 
of the earth’s surface to an average depth of 
3800 m. The ocean basins are characteristically 
bordered by a continental shelf which slopes out 
gently to a depth of about 200 m. Beyond the 
shelf, the continental terrace slopes much more 
abruptly to the deep sea floor at depths of 4000 m 
or more. The average width of the shelf is about 
30 miles, varying from practically nothing off 
mountainous coasts to several hundred miles in 
such places as the China Sea. The shelf is not 
always smooth, but it is often intersected by 
submarine valleys and canyons. In the deep 
ocean there are high mountains and deep 
trenches, larger than any on land. Some of the 
mountains rise to the surface, forming islands, 
or to near the surface, forming “‘banks”’ and 
*‘shoals’’. 

The waters of the ocean form, essentially, a 
two-layer system. ‘The relatively thin upper 
layer varies from a few meters to about 200 m 
In this 
layer, vertical mixing caused by winds is rela- 


in thickness, averaging about 75 m. 


tively rapid and complete, so that temperature, 
salinity, and density are nearly uniform from 


top to bottom. In it are found the fast, wind- 


* Presented at the Symposium on Waste Disposal, 
Fifth Annual Meeting of the Health 
Boston, Massachusetts, June, 1960 Contribution from the 
Scripps Institution of Oceanography, New Series. 


Physics Society, 
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driven currents which are the “‘surface’’ currents 
shown on many charts. Below the mixed layer 
is a zone, extending down to 500m in some 
places, within which the temperature decreases 
and density increases rapidly with depth. This 
thermocline, or pycnocline, separates the upper 
mixed layer from the layer of intermediate and 
deep water extending to the bottom, where the 
vertical gradients of decreasing temperature and 
increasing salinity and density are very gentle. 
Both vertical and horizontal movements in the 
deep layer are much slower, in general, than in 
the upper layer. The strong density gradient 
across the thermocline inhibits physical trans- 
port across it, thus there is a partial barrier 
between the upper mixed layer and the lower 
layers. There is, however, some interchange of 
water and its dissolved nutrient salts across the 
the 
upper layer could not continue to support much 
life. 


The energy that drives the whole life cycle in 


thermocline. Indeed, if there were not, 


the sea, as on the land, is sunlight. This energy 


is hound chemically in organic compounds by 


the photosynthesis of plants, and is passed along 
through the food web in the food of all higher 
organisms. The zone of the sea to which suffi- 
cient light penetrates to support photosynthesis 
is only about 100 m deep, even in very clear 
Thus the 
photosynthesis takes place in the upper mixed 


waters, and is often less. most of 


layer, and mostly by microscopic floating plants, 


extend t 


harvest 


to aeeper wa 
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the shallow 


| 
ealoae. and other 


a animals 


iimost 

1c open SC% 
waters out to the edge 
] { 1 . 
tnougen some ftisneries 


100 fathoms, and some of the 
] 


pulations perform migrations 


From the viewpoint of the physical and 
biological processes involved in returning to man 
radioactive materials introduced into the sea, 
there are several important sub-divisions of the 
marine environment. 


1) Near-shore areas, including the close in- 


shore zone of the open coast and areas which 
| 
r 


are partially enclosed by land, i.e. harbors, bays, 
estuaries and lagoons. In these areas dispersion 
of wastes by physical processes is often restricted, 


} 
Stl 


and, since they are shallow, the material that 


falls out on the bottom does not become inaccess- 

ible to the organisms. In this environment occur 

the large sedentary populations of oysters, 

and seaweeds used by man, and it is an 

essential nursery ground for shrimp, menhaden 
f 


and many other offshore commercial species, 


as the habitat of many fishes taken for 


Removal of waste materials by diffusion and 


current transport is generally greater here than 
in near-shore areas, but less than in the open 
2] 


sea off-shore. Sedimentation to the bottom may 


not remove elements from the biosphere in this 
region, since food organisms taken by man live 
ll the way to the bottom. On the bottom are 
scallops, shrimp, crabs, and lobsters and also 
populations of both moving and _ sedentary 
invertebrates which are food for important 
ommercial fish populations such as flounders, 

and haddock which live or near the 

tom. Some of the commerical species are 

y sedentary, but some periorm extensive 
seasonal migrations to and from deeper waters. 
Some commercial species are found out along 
the continental terrace to dept! $s aS great as 
1000 fathoms, or more. 

}) The d ps yor he continental shelf. 
Radioisotopes return to man from this region 
through the seafood harvest which depends 
almost entirely on organisms inhabiting the 
upper mixed layer or the region of the thermo- 
cline. ‘Thus isotopes which are introduced into 
the deep water, or which are removed to the 
deep water from the surface, are mostly removed 
from the domain of man’s food. ‘The mean 
time for interchange between deep water and 
the surface layer is long, being of the order of at 


least several decades and probably several 


MILNER B. 


hundred years, so that there is much time for 
dispersion and decay. Elements which sediment 
out on the bottom are removed for even longer 
periods, perhaps permanently. Dispersion in 
the upper layer is also rapid, leading to quick 
However, there is additional 


dilution. some 


interchange between the deep and _ surface 
layers due to migration of organisms, and this 
can be in some circumstances more important 


than the physical exchange. 


Th 


One of the important differences between life 


food web in the sea 
in the sea and on land is the much ereater length 
On land the 


to cows to 


of most food chains in the former. 
chains are mostly short, 


In 


realm, food chains are much 


1 
1h aS @Tass 


Suc 


men. the sea, particularly in the pelagic 
longer. 
are mostly microscopic phytoplankton, 


herbiv 


eaten by small carni 


is eaten by tiny orous animals which are 
vores that are consumed by 
Although man 


the food chain, most of o 


larger ones. consumes 


anisms low in 


seafish harvests is from animals two or more 


steps above the primary plant producers. At 
the same time, hx j animals 


take up minerals, both dissolved and particulate, 


wever, 


some 


directly from the sea water, so that radioisotopes 


can return to man by horter than that 


lant 


route 


starting with the p S. hese 


complexities, 


concerning them, are 


and our lack of knowledge 


among the principa! handicaps in precise evalua- 
tion of ; disposal of radioactive 
wastes. 


More 


matters, 


the 


very 


detailed discussion of foregoing 


which I have reviewed briefl 
7) 


can be found in REVELLE ef , Brown et al."), 


CARRITT ef REVELLI 


6) KETCHUM 


al.), PrircHARD et al.), 
SCHAEFER”), S\ 


and and 
BoweEn' 
With this general background, I would now 


like to discuss 


HAEFER' 


in a little more detail some of the 
processes in the ecosvstem which are of impor- 


tance in relation to radioactive wastes. 


Uptake and retention of 


as food for man, and the et 


concentrations in the environment 


Radioactive isotopes in the sea affect man 


primarily through his ingestion of marine 


SCHAEFER 99 


food. 


radioactive materials that can be safely intro- 


organisms in his Thus, quantities of 


duced into the sea depend on the amounts that 
come to lodge in such marine organisms, and 
the permissible rate of intake by man. The last 
can be determined from the permissible rates 
of ingestion and body burdens of various radio- 


isotopes published by the national and inter- 


national committees on radiation protection. In 


making estimates of permissible concentrations 


in sea water, account must be taken of the facts 
that 


sea water is a solution of almost all the 


elements; that concentrations of many elements 


are known and that some of them are very 


nearly in constant proportions; « nd that marine 


I 
animals cone entrate, often bv very large fact rs, 
some isotope both radioactive and non-radio- 
It should also be 
significantly distingui 


ind 


noted that organisms 


ac tive. 


do not 


radioactive idioacti 


stituents arbon, hydrogen and 


Suc h as 


) ential to 


strontium, 


1 
Sp! 


I 
cobalt an 


rmorus, 


obtainec orga 
food ( hain eithe I 

from the 
requirements and 


for different kinds 
’ 

and al 

concen 
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abundant ater, for example sodium, 
ions than 
On the 


phosphorus, that 


at lower concentra 


i ] ee . 
in the water: nev are selected against. 
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Suc h is 


othe han 


are essential rganisms, but are scarce in 


the sea, are concentrated by several orders of 
magnitude. 
The length of 


atom of a given element varies greatly 


time an organism retains the 
average 


from one element to another and with different 
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this is often given as the “‘biological 
Much is known about the retention 
but there 


organisms; 
half-life’. 
times of various elements in man*”), 
are few data for marine organisms. 
Hazards to humans from radionuclides result 
from radiation to the gastro-intestinal tract as 
the food passes through it, and from radiation 
to other organs in which they accumulate. As 
indicated in NBS Handbook 69"), 


such as Cr°!, 


the limiting 
Fe? 


is the 


factors lor many 
Co®, Zr, Nb®, Rul, Cel44 and Ta!®, 
for these we 


isotopes, 


dose to the castrointestinal tract; 
need to limit the concentration per unit volume 
For others, such as P®?, S*, Fe®*°, 
( g137 


for these the specific activity of the 


in the seafood. 
Fn” Sr 90 jis 
limiting ; 


and the body burden is 


seafood is of primary interest. 
We 
quantitatively following REVELL! 


these matters 
et al.'®) 


may formulate some of 


Designating by J, and J, the concentrations of 


radioactive and non-radioactive isotopes, it may 
be shown, that at equilibrium, a man getting all 
of the elements from seafood, will have a specific 
activity related to the specific activity in the 


seafood by 


| B 
ik £ AR 3) 


where } denotes the human and / the seafood, 
while B 


elimination of the element in man and K is the 


is the rate constant for biological 
radioactive decay constant. 

Similarly, when the marine food organism 
accumulates an element directly from seawater, 


in equilibrium, 


where e denotes the sea water environment and 
B, is the rate constant for biological elimination 
Then, 

BB, 
KB, 


of the element in the fish. 


I, I,, \K? KB BB ) 


For elements which reach man following several 
steps in the food chain an analogous expression 
with more terms within the parenthesis can be 
the 
biological half-lives and mode of accumulation 


written, but we know yet so little about 


in marine organisms of most elements that this is 
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only an exercise without much useful appli- 
cation. 

In the absence of knowledge, we make the 
conservative assumption that 2, is large with 
respect to B or K, or that the hold-up time in the 
marine organisms is short. ‘Thus, for elements 
of long radioactive half life, where K < B< B 


approaches 


p 
(4) 


so that the permissible specific activity in the 
ocean is about equal to that in the critical 
human body organ for isotopes of long radio- 
active half-life. Where B,> K> B, we obtain 
from equation (3) 
tre. “0 ( 5) 
| a ae 
Thus, for isotopes of short radioactive half-life 
and long biological half-life in the human body, 
the permissible specific activity in the ocean is 
much greater than in the body. If the biological 
half-life in the marine food organisms is also 
known, the estimate of permissible specific 
activity in sea water can be further increased. 
Where radiation to the gastrointestinal tract 
is critical, we are concerned with the concentra- 
It may 
wil Aue as 
from sea water to 


tion per unit volume of seafood or J,,. 
be seen from equation (2) that taking / 
the concentration factor (F 


seafood, we have 


3 
L, =F .I,, ( e. (6) 
K+B 


J 


I, is comparable to the maximum permissible 
value for drinking water for the gastrointestinal 
tract given in Handbook 69. Given an estimate 
of seafood eaten, per man per day, and taking 
the assumption of 15 1. of drinking water a week 
on which the MPC’s for water were based, one 
may then calculate /,,, the permissible activity 
in the seawater. 

REVELLE et al.‘®) have tabulated for a number 
of isotopes the specific activity in sea water, and 
concentration factors in marine organisms, and 
the resulting permissible concentrations in sea 
water, both for cases where the gastrointestinal 
tract is critical and where the body burden for 
some organ is critical. 


MILNER B. 


It should be noted that the concentration 
factors tabulated in this and other references 
earlier cited have usually been the highest 
observed in seafood; furthermore, in some cases 
they have been based on the observed concentra- 
tions of radioisotopes in sea water and organisms 
rather than on the non-radioactive species, and 
thus (as may be seen from equation (2)) may be 
overestimated. This is, again, a conservative 
approach made necessary by our lack of know- 
ledge of the marine ecological systems. 


Effects of organisms on the distribution of 
elements in the sea 

The foregoing type of approach can provide 
estimates of permissible concentrations of radio- 
isotopes in the sea water environment of the 
marine food organisms, but to relate this to 
waste disposal practices we must also know 
about the transport and dispersion of the mater- 
ial put in the sea. This is not a function only 
of physical parameters, but can also be signifi- 
cantly influenced by the marine _ biosphere. 
Those elements of which a large proportion is 
cycled through organisms can have their spatial 
distributions profoundly modified by the bio- 
sphere, so that they are quite differently distri- 
buted in the than 
distributions are determined only by physical 


sea those elements whose 
and inorganic chemical processes. 

The marine biosphere acts as a reservoir for 
those elements that are selectively removed 
from sea water by organisms. In the case of 
sedentary populations this can provide local 
concentrations of elements. For example sessile 
reservoir for such 


invertebrates fixed 


elements as copper, zinc and cobalt which they 


are a 


concentrate by large factors. This will hold up 
the circulation of these elements, thus making 
their flushing rate from estuaries, for example, 
slower than that of the water. 

Invertebrates growing on waste disposal con- 
tainers, on the bottom, out of which radioactive 
elements are leaching may take up essentially all 
of such the 
effectively diluted only by the corresponding 


materials, radioisotopes being 
non-radioactive species in the water moving 
past the Such 
invertebrates can be eaten by commercial fishes 
Calculations for at 


the containers on bottom. 


and thus enter man’s food. 
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least some situations on the Pacific Coast indicate 
that the concentration of radioactive materials 
under these circumstances can be 

if the been 
into the overlying waters 


in foodfish 


much greater than material had 
rapidly liberated 
where quicker dilution by physical processes 
takes place. 

As noted by Ketcuum"™®), the combination of 
uptake by organisms in surface waters, and 
gravity effects on their excreta and dead bodies, 
will, in areas with positive estuarine type circula- 
tion, and regions of coastal upwelling, result in 
local concentrations of elements selectively taken 
up by such organisms. Even in the open sea, 
uptake by organisms may greatly impede the 
transfer to deep water of elements in particulate 
form which would be expected to settle out by 
sedimentation. For example Hartey"™! found 


that cerium-144, which occurs in sea water in 


particulate form, and its daughter Pr!4, con- 


stituted from 80 to 90 per cent of fission product 
activity in plankton samples in the Western 
Pacific, after a considerable time following 
introduction into the sea. 

Migrations of organisms can also have impor- 
tant effects in transporting elements from areas 
of high concentration to areas of low concentra- 
tion. Vertical migrations of organisms, many 
of which readily cross the pycnocline, could 
readily transfer radioactive materials from the 
deep to surface waters. KercHum and Bowen‘? 
have shown that this transport may in some 
circumstances be greater than that by physical 
means. Horizontal migrations can also transfer 
materials from the site of introduction to other 
areas. More important, however, is the fact 
that organisms used for food can be contamin- 
ated in one area and caught in distant unconta- 
fish 


minated Some of the commercial 


species on our Pacific Coast, for example, make 


areas. 


regular seasonal migrations to off-shore deeper 
waters and back to the shallower areas where 
they are caught. ‘The sperm whale, which feeds 
on squids in the deep sea, but comes to the 
surface to breathe is an extreme example of a 
vertical migrant. 


Present state of knowledge 


Although our knowledge of most of these 


things is incomplete and fragmentary, we know 
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IN ORDER to cain the benefits offerec h 
the peaceful uses of nuclear energy and through 


the use of radioisotopes in medicine and in 
t the fact that 
produced radionuclides will 
man’s environment. I 


research, we must accept some 


s| 


opulation will 


artificially enter 


1e radiation dose which 
1 


pe subject to, over 


| 


il 


the human ] 


and above that imposed by the natural back- 


ground, must be kept below levels which, on 
ulable evidence, will not impose 
It 
but impossible to isolate one segme 
to 


entering that segment. Our basic responsibility 


the basis of av: 


undue risk to man. is not only inconsistent 


‘nt “man’s 


environment and prohibit all activity from 


is to utilize all seements of man’s environment 
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“1 1 , 
consistent with botn tl 


in 
the 


a manne 1e safety of 


maximum 


) 
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human populatior 


beneficial use of nuclear energy. Inherent in the 


requirement of human safety is the requirement 


that man’s use of products from any segment 
] 


i 1m any way. 


of 


of his environment be not restricte¢ 


The ocean, then, as one segment man’s 
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MAJOR SOURCES OF MATERIALS 


ENTERING 


On the of availab infor yn trom 
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the various nations developing 
| 


nuclear power 


and from public sta made at interna- 


tional 
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of 


ynfined liquid 


meetin l appears il e 


materials now enter the sea in form 
packa is ll 
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i npackaged solid parts of con- 
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taminated equ 
At pres 
radioactiv 
into the 


liquid effluent from spent 


pme 
of 


duc ed 


1¢e a | source 


] } 1 
‘a, EXCIUCING low-level 


11 
i Lt 


1el processing plants 


located on the sea coast or on rivers discharging 
to the sea. Packaged wastes contribute a very 
minor portion of 


the total activity entering the 


oceans. In the future an important source of 


radioactive materials entering the sea will be 


low-level liquid effluent and medium-level ion- 
exchange resins from nuclear-powered ships. 
At present both fission products and materials 


having an induced activity enter the marine 
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environment. It is to be expected that with 
improvements in reactor design and fuel pro- 
cessing procedures an even higher percentage 
from 


of the fission products will be isolated 


man’s environment than is now the case, and 
materials having an induced activity will very 


likely 


component 


become increasingly important as a 
of the wastes which do enter the 
marine environment. An analysis of the waste 
with nuclear- 


the 


associated 
that 
products having an induced activity are by far 
of the 
the sea from this 


disposal problems 


powered ships indicates corrosion 


the most significant component waste 
materials which might ente1 
source. 

Ihe fission product which has received the 
most attention from the health standpoint on 
land is Sr9°, which is much less a hazard in the 
sea because of the relatively large natural con- 
centration of inactive strontium in marine 
On the 


( ‘ »50 


whi h occul 


other hand, such radioactive 
Zn®, Fe®?, Cr*!, 


as corrosion products in 


waters. 
materials as Fe and 
and P?, 
water-moderated reactors or in waste materials 
from research use of radioisotopes, may become 
the most significant components of waste ma- 
terials entering the marine environment, since 
small concentrations 0 


sea water has relatively 


the stable forms of these isotopes. 


RELATIVE CONTAMINATION OF 
MARINE AND TERRESTRIAL 
ENVIRONMENTS 
Excluding medical sources, the most likely 
route whereby radioactive materials originating 


with the peaceful use of nuclear energy will 


affect man is through the ingestion of food and 
This 


portant from the standpoint of presently occur- 


water. is certainly the source most im- 


ring fallout products from weapons tests, and the 
situation should be similar for materials which 


enter man’s environment through peaceful 
development of nuclear power. 

At the present time food products from the 
sea have far lower radioactive content originat- 
than do terrestrial 


ing from fallout materials 


food products. Considering the typical diet, 
food 
résoth of the total intake of radioisotopes by 


the average resident in the U.S.A., and about 


marine products contribute less than 


RADIOACTIVE 


c 


WASTES IN THE OCEAN 

sooth of the dietary intake of radioisotopes even 
for a seafood-eating nation such as Japan. This 
is in spite of the fact that general fallout has 
deposited about 2 Mc of Sr®® into the sea, and 
an additional 3 Mc of Sr®® have entered the 
Pacific Ocean as close-in fallout, as compared 
to about 1.8 Mc which have fallen on land. 
The two features of the marine environment 
which are of importance in this regard are the 
physical dilution of the isotope by vertical mix- 
ing and the isotopic dilution due to the presence 
in sea water of a relatively large concentration 
of inactive strontium. 


EVALUATION OF THE SUITABILITY 
OF A MARINE LOCALE TO RECEIVE 
NUCLEAR WASTES 
The fate of radioactive material introduced 
into the marine environment is dependent upon 

the following considerations: 

1) The physical and chemical form in which 
the material occurs at time of introduction, 
together with any relatively rapid changes in the 
physical and chemical character of the intro- 
duced material which occur when it is brought 
into contact with sea water. The subsequent 
dispersion by physical processes and reconcentra- 
tion by the biota and bottom materials will be 
greatly affected by the physical and chemical 
form in which the wastes occur in sea water. 

2) Initial mechanical dilution of the wastes 
by the receiving waters, which will depend 
upon the manner Thus a 
liquid waste will be subject to greater initial 


of introduction. 


mechanical dilution if introduced as a strong 


jet into the body of the receiving waters than if 


introduced as a gently flowing stream on the 
surface. Large initial mechanical dilution is 
important in reducing the density difference 
between the initial contaminated volume and 
the surrounding receiving waters. This reduc- 
tion in turn favors subsequent turbulent diffu- 
sion. 

material 


of the waste 


region, 


3) Advection 
from the source 
turbulent diffusion, 
concentrations of the radioactive components in 


away 
and simultaneous 


which lead to reduced 
the water. 

+) Uptake of the activity on to suspended 
silt and bottom sediments, which removes some 
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of the radioactive materials from the water, 
and restricts further dispersion. In deep water 
such removal would be favorable since material 
incorporated with the bottom sediments would 
be unlikely to return to man’s environment. 
In shallow coastal areas containing bottom- 
living shellfish and bottom-feeding commercial 
fin fish, concentration of radioactivity on the 
bottom may be unfavorable since these detritus 
and filter feeders may further concentrate the 
activity from the bottom material. 

5) Concentration of activity by various 
parts of the biota, including shellfish and fin 
fish important to man as a source of food. 
Some important fission products and corrosion 
products are concentrated by marine organisms 
100 to 10,000 the 


concentrations of these isotopes in the water. 


by factors of from over 

The evaluation of the suitability of any 
particular marine locality as a 
nuclear wastes ideally involves the precise, 
step-by-step consideration of all factors affecting 
the possible return of radioactive material to 
The the 
the concerns: a) the 
selection of suitable disposal areas for packaged 


man. general procedure is same 


whether evaluation 
wastes; (b) the selection of the position of an 
outfall discharging low-level liquid effluent from 
a chemical processing plant; (c) the considera- 
tion of the suitability of a given harbor or harbor 
low-level liquid wastes 


approach to receive 


from nuclear powered ships; or (d) the deter- 
mination of the suitability of the mixed layer 
of the open ocean to receive wastes from the 
ion exchange resins on nuclear powered ships. 

Fig. | 


step-by-step procedure. The solid arrows be- 


presents in schematic form such a 
tween blocks on the diagram indicate the route 
taken by the radioactive material in returning 
to man, while the dashed arrows indicate the 
taken in the The 


starting point in the evaluation is man. 


reverse course evaluation. 


To evaluate the problem, a maximum per- 


missible rate of exposure must be adopted. ‘The 


usual basis of such a maximum exposure rate is 
that recommended for the population-at-large 
by the national and international committees 
on internal dose.":?) 

Considerable care should be taken that the 


potential additive effect of exposure to radiation 


receiver of 
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from various sources is given due consideration. 
The second step in the evaluation is then a 
consideration of all sources of radiation exposure 
to the particular segment of the population 
which would also be potentially affected by the 
waste disposal operations. On the basis of such 
the 
permissible dose is assigned to sea disposal. 

The the 
routes by which radioactivity can reach man 


consideration a _ portion of maximum 


next step is to consider various 
from the marine environment. 

The possible danger of direct radiation, the 
harvest of seafood, possible contamination of 
fishing gear and of beach sand are some of the 
routes which should be considered at this stage 
of the study. 

The determination of maximum permissible 
concentrations of various isotopes in those parts 
of the 
sediments, and shore material 


marine environment (seafood, bottom 
which constitute 
routes by which radioactivity may return to 
man from the sea then follows as the next step 
From consideration of known 

the 


concentrate various radioactive isotopes from 


in the process. 


factors by which biota and the sediment 
sea water, it is then possible to arrive at the 


maximum permissible concentration of the 
various isotopes in the sea water. 

The final steps involve evaluating the changes 
in concentration and distribution of radio- 
activity which may be brought about by: 

1) Exchange between bottom sediment and 
suspended or dissolved material in sea water. 

2) Advection and turbulent diffusion, both 
within a given marine environment and be- 
tween adjacent environments. 

}) Initial mechanical dilution, influenced by 
manner of discharge. 

+) Physical and chemical form of the wastes 
released. 

The end result is an estimate of the maximum 
rate of release which will not exceed the maxi- 
mum permissible concentration in sea water. 

The marine biologist and the oceanographer 
essentially concerned with those 


are steps 


dealing with (a) concentration factors from 
sea water to the various parts of the marine 
environment which constitute the return routes 
to man (i.e. the food chain, beach sand, etc. 


b) rate of transfer of radioactive materials to 
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Rate of Transfer of the 
radioactive materials 
from solution or sus- 
pension in the sea 

water to the bottom 


sedim«e nts 


Advection and Turbul- 
ent Diffusion includ- 
ing exchange rates 
between adja ent 


marine environments 


wastes to 
» particular mar- 
locale 
] : ™. ] j ' : 
ynsiderations whicn snouia made in 


; a receiver of nuclear wastes. 


timates of the rate at which nuclear 

ials may be introduced to the sea without 
undue risk to man. Present knowledge is 
sufficient " lal such estimates will be 


, , : : ‘ +s 
conservative S, ne sate side. 


MAXIMUM PERMISSIBLE CONCEN- 
TRATIONS OF RADIOACTIVE 
ISOTOPES IN SEA WATER 


marin ) nment t ive nuclear aste In the present state of knowledge, the 
| g 


material. ywever, oceanographic knowledge permissible concentrations in sea water can be 


‘ent to permit order of magni- regarded only as interim values; moreover, 
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they should be thought of as average values for 
the 
which edible marine animals and plants extract 


relatively large volumes of water from 


their body materials. 


In estimating permissible concentrations 


*n ot the tact 


all 


in sea water, account must be take 


that sea w solution of almost 
elements; concentrations 
and are constan 
limits; 
animals concentrate, 


both 


elements 


less ; l-defined 


more Ol 
oiten 


and 


marine plants 


by very large fact radioactive 


ors, 
non-radioactive isotopes. 
Hazard 


nuclide in 


to human beings from a radios 
seafood will result from radiation 
lati 


] 


the gastrointestinal tract and from radi: 


ns which accumulate the 
radionuclide. National Bureau of 


Standards Handbook 69'*) the maximum 


other body orga 


As shown in 


missible concentrations in drinking water for 
a1 Fe®?, Co®® R106 


limited by 


many isotopes, including Cr 
Ce! and Ta!®*, are 
exposure of the gastrointestinal tract; for others, 
S%, Ca®, Fe®, Zn®, Sr99, [1s 


ccumulated burden body 


the radiation 


including p32. 
and Cs!}8", the 
organs is limiting. 
For the first group of ise topes, the concentra- 
tion marine food 
held for the 


group, the specific activity (that is, the ratio of 


per unit volume of must be 


below a certain value; second 


the radioactive to the non-radioactive species 


food) must be controlled. 


Organisms do 


in the sea 


afi = 
not, in general, distinguish 


between the radioactive and the non-radioactive 
isotopes of a particular element. Hence, if the 
total uptake of any element by a human body 


rgan comes irom eating 


activity in the body cannot, in general, exceed 


, : 
seafood, the speci 


the spec ific activity in the ocean. Exceptions 


may possibly occur if the radioactive and the 


non-radioactive species are in different chemical 


States in sea water. Indeed, the specific 


activity of the radioactive isotope accumulating 
in the body will be much less than in the ocean 
if the isotope has a short radioactive half-life, 
because the concentration in marine food 
organisms and in body organs will be reduced 
by radioactive decay. Consequently, whenever 
the gastrointestinal tract is not the critical body 


organ, the permissible specific activity of a 
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radioisotope in sea watel will be ereater than 


the permissible specific activity in the body, 


‘ge factor fe h a short 


Obviou ly, 


in sea water of 


often by a 


7 
iarg 
radioactive half-life. 


rr isotopes wit 


this will also 


pecies of the nt is very small. 
‘ases, the ratio of the radionuclide to 


a non-isotopic carrier used by the body must be 


considered. 


The ’ Sciences Com- 
mittee on 

Oceanography 
table of tentative permissil 


f a 


contained in 


Nation: 


the 
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i Academy 
Effects of Atomix 


and Fisherie 


I 
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Radiation on 

published a 
concen- 
Lhe 


from 


e se Wwalel 


number of radionuclides 


trations < 
material lable | is drawn 
lat 
[It will be noted that the permis ible 
concentration for 5”, Ca®, and Sr’® are | 


by 


permissible concentrations fo1 drinking 


source, 


sea walel 


factors of 15 to 30 than the n num 


water. 
Che stable isotopes of these elements are present 
in relatively large amounts in the oceans, and 


they not greatly concentrated by marine 
organisms. On the other hand, 
as P32. Fe®9, Co®9, Zn®, and Ce 


concentrations 


are 
such substances 


144 have permis- 


° 1 
sible sea water from zagoth to 
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io. oooth of the maximum permissible concen- 
trations for drinking water. Here, the quantities 
of the stable isotopes in sea water are quite 
small, and these elements are heavily concentra- 
ted by marine organisms. 
DISPOSAL RATES 
THE SEA 


ALLOWABLE 
INTO 

Using estimates of the permissible sea water 
conservative estimates 


availability of the 


concentrations, and taking 


introduced 


regarding the 
} 


material to the marine biota, the rate of diffusion 


of the material from the source, and such other 
steps involved in the return of the activity to 
man, it is possible to compute the rate at which 
a particular marine locale can receive nuclear 
wastes without introducing an undue risk to 
man. 

a receiver of packaged wastes, 
off the 


an area olf 


Fo use as 


for example a disposal area 


states, 


considet 
coast of the [ 
10 by 10 miles, 
than the lower limit of the layer of primary 
make the 


no radio- 


having 


nited 
and located in depths greater 
production about 50m Let us 
conservative assumptions that: | 
active decay takes 
disposal and the time of return to man in sea- 
food; (2) the radioactive material is immediately 
released from the container and taken up by 
the 


crowing on container; 


which 


sessile organisms 
fish 
live all 


the 


3) edible consume these. sessile 
lives in the disposal 
the 


dilution; 5 


organisms then 
water 


the 


area: +) only lower 2m of 


column are available for 
flow of water through the disposal site is at the 


km day: 6b 


receives all his protein requirements from such 


relatively slow rate of | man 


We arrive at the relationship: allowable 


le isotope, in curies pel 


fish. 
disposal rate for a sing 
year, is equal to 1.2 10'° times the permissible 


concentration of the isotope in sea _ water 


expressed in microcuries per milliliter. 
If the disposal site is in wate having depths 
greater than the deepest depth at which food 


fish for man live, then, under the most restrictive 


the 
10'° would be multiplied by 
the 


assumptions regarding diffusion, 


factor of 1.2 


a factor equal to depth interval, in 


meters, between the greatest depth of food fish 


production and the bottom depth. Our best 


RADIOACTIVE 


place between the time of 


abov Ss 


WASTES IN THE OCEAN 

information is that food fish do not occur below 
2000 m. If the disposal site were 4000 m deep 
the relationship would be: allowable disposal 
rate for a single isotope, in curies per year, is 
2.4 1018 the permissible 
concentration of the isotope in 
expressed in microcuries per milliliter. 


equal to times 


sea water, 

For a mixture of isotopes, the allowable rate 
for each would be reduced to take into account 
the additive effects. 

Table 2 lists the allowable disposal rates, in 
curies per year, computed for these twoexamples. 
Though these rates are based on tentative 
Table 2. Example of computed allowable rates of disposal 
of specific isotopes, in curies per year, for a sea disposal site 
of 10 miles by 10 miles dimension, and which is: (A) in 
water depths less than the limit to which food fish inhabit; 
and (B) in water depths 2000 m deeper than food fish inhabit 


Disposal rate 
case B 


Disposal rate 
Isotope ‘ 
case A 
p32 96 » 102 
a 106 24 x 109 
Cr®! 2: 104 48 x 10’ 
108 24 x 108 

14 x 104 

12 x 10° 

104 

108 72 x 108 
108 48 x 108 
10? 24 10° 


permissible sea water concentrations, the multi- 


plicity of conservative assumptions assure 
that these results are also certainly conservative. 

These disposal rates are particularly con- 
servative for isotopes such as P®? and I?%! which 
have relatively short radioactive half-lives and 


relatively long biological half-lives. 


NATIONAL AND INTERNATIONAL 
ACTIVITIES 

About 5 years ago the National Academy of 
Sciences undertook a study of the biological 
atomic One of the six 
committees under this study is the Committee 
on the Effects of Atomic Radiation on Ocean- 
ography and Fisheries, known in governmentese 
as CEAROF. Working panels of this committee 


effects of radiation. 
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have prepared reports on packaged waste 
disposal on the Atlantic and Gulf coasts of the 
United States, and also on waste disposal from 
nuclear-powered ships. A third working panel 
is now completing a report on packaged waste 
disposal on the Pacific Coast. 

In the fall of 1958 the International Atomic 
Energy Agency in Vienna appointed a panel on 
the problems of radioactive waste disposal into 
the sea. The final report of this panel has just 
been issued by the IAEA and contains recom- 
the 
international monitoring of sea disposal opera- 
To date all and _ reasonably 


mendations regarding sea disposal and 


tions. serious 


complete studies of the problem of radioactive 


waste disposal to the sea have concluded that 
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the oceans can be utilized to receive at least 
limited amounts of radioactive materials. 
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SOME LEGAL CONSIDERATIONS IN THE OCEAN DISPOSAL 
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ROBERT LOWENSTEIN 
Licensing and Regulation, Office of the General Counsel, 


.S. Atomi nergy Commission 


1960 


ing examiner in connection 


ance, suspension, revocation or 


modification of licenses. Work is under way to 
workmen’s compensation laws and to 
op uniform rules of tort liability. Similar 
ems have arisen in foreign countries, and 
international level, and are being resolved 
lines which, in most cases, are not funda- 
mentally different from the approaches which 
have been ad ypter in the United States. 

During these same years, the Commission’s 
regulatory program has expanded. Since | 
January, 1955, the number of reactor construc- 
tion permits and operating licenses has grown 
from 0 to over 75; byproduct material licensees 


about 2750 to almost 5500; special nuclear 


material licenses from three to 294; source 
1 
i 


material licenses from three to almost 300. 
Many of the more fundamental standards and 

lamages practices which you have developed, in your 
islation day-to-day activities, have in one form or 
been adopted as legal requirements by 

poration in the regulations of State and 

ocal radiation control agencies as well as the 

rulations of the Atomic Energy Commission. 

In carrying out its regulatory program under 

the Administrative Procedure Act and the 

Atomic Energy Act, the Atomic Energy Com- 

mission performs two fundamental kinds of 
functions. In performing quasi-legislative func- 


yns, under authority delegated by the Congress, 
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the Commission establishes the basic rules for 


protection of health and safety from uses of 


AEC-licensed 


regulations, these rules have essentially the same 


materials. When published as 
legal effect as statutes enacted by the Congress. 
the 
performs quasi-judicial or ‘“‘adjudicatory” 


In addition to rule-making, Commission 


func- 


tions to determine whether or not in the spec ific 


case the “‘rules”’ are being observed. Proceedings 


for the issuance, modification or revocation of a 
license are typical of the Commission’s adjudi 


tory functions. Of course, in practice, the 


functions of rule-making and _ adjudication 


frequently tend to merge, particularly in 


situations where, as with regard to - ocean 


disposal of radioactive material, the published 


regulations establish broad criteria rather than 


specific requirements. 


There are presently about nine licenses in 


effect authorizing the ocean disposal of radio- 
Adjudicatory hearings have 
held in three case ter of Walker T1 
Docket no. 27—5; Matter of 
wise Marine Disposal Company, ocket no. 


27-13; and Matter of Industrial Waste Disposal 


af 


active wastes. peen 
ucking 


Company, Coast- 


_ 


Corporation, Docket no. 27-9 
recent Gulf of M Matter of Industri 
Waste Disposal Corporation) pre 


i 
typical of these proceeding 


Since the 
xICO Case 
ents 1S 
and Was d 
by the Commission only last week, it seems most 
apt to liscuss the principal legal pre blems of 
ocean disposal by reference to that case. 
The application in Industrial Waste Disposal 
Corporation v Because of the 


considerable public interest, the Commission set 


the application down for hearing in Houston, 
Texas, in January, 1959. At the hearing, the 
City of Corpus Christi, Nueces County 
Navigation District, the C of Nueces, the 

Harris 


County, Texas, were granted leave to intervene. 


Sportmen’s Clubs of ‘Texas and 


I Mexico 
attended the hearing but did not participate 


other than to inquire of one witness as to the 


extent of oceanographic research at the proposed 


disposal site. The Presiding Officier rendered 


a decision on 25 May, 1959, in which he directed 
that the license be issued. The intervenors filed 
exceptions to his decision, requesting review of 


the decision by the full Commission. The State 
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of Texas then also requested and was granted 
permission to intervene and file exceptions. 
During the summer of 1959, the Government 
of Mexico raised questions concerning the 
proposed license to dispose of waste in the Gulf 
; 1959, to 


Mexican 


of Mexico. 
the $8.9 


Government expressed its 


In a note dated 15 June, 


State Department, the 


that the Atomic Energy Commission of 


the United States continues to insist on its original 


. regrets 
project which, it appears, will result in permitting 
the firm, Industrial Waste Disposal Corporation of 
Houston, ‘Texas, being authorized 


195 I to 


from June 20, 
in the Gulf of 


Lispose Ol radioac tive wast 


- ‘ . : ° 
Viexico at equal distances from the coast of Mexico 
ast of ‘Texas. 


vernment of Me 


nature expressed pre 


xico, for reasons of a 


ientific viously, 


impression 


cause ne IniavorabpDtl 
' 


lfexican publi 


expression of 


epartment of warded the 
te to the Atomic Energy Commission 
ic] the 


visea 


the Mexican Embas 


VLexican Government believe 


ve wastes so close to itsshores would 


ted in Mexico as a unili 


teral and 


on the pat » any 
virtually 
two 
countries. 
Consequently, th artment believes that the 
granting of the license application yul ave 
relations 


the 


seriously harmful effects on our friendly 
with Mexico and with the other countries of 
hemisphere, sin them would surely agree 


with M lal h an act would be arbitrary. 


lo permit 


State 


ne « bjec tions of the ( rovernment 


resolution through the 
Department of 
of Mexico, argument on the 


1959 and 


ext eptions was 


: : 
postponed first to December then to 


January 1960. 


] 


In its decision, the Commission directed that 


the license be issued to the extent of authorizing 


the applicant to receive radioactive waste 


materials; to store them at the applicant’s 


storage site in Houston; and to transport them 
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to Commission-operated disposal sites within 
the United States. 


the case to the Hearing Examiner for further 


The Commission remanded 


proceedings to take further evidence concerning 
the integrity of the types of containers described 
in the application after disposal in the Gulf of 
Mexico, and such other evidence as the Hearing 
Examiner may allow. 

As the case was briefed and argued before the 


Commission, there were four principal issues: 


|. What weight should be given to the Department of 
State communication concerning the objections of the 


Government of Mexico? 


The AEC staff recommended that the Com- 
mission deny the license application, without 
regard to the technical merits of the application 
and without prejudice to renewal of the applica- 
tion upon withdrawal of the Mexican objections. 

In support of this position, the staff argued 
that 
foreign affairs questions when properly raised 


the Commission is obliged to consider 


in licensing proceedings before the Commission. 


‘This argument was made on the basis that the 
Atomic Energy Act of 1954 requires the Com- 


] 


mission to consider pertinent questions of the 


and security’, as well as 
and that the Atomic 


in the execu- 


‘common defense 
public health and safety ; 
Energy Commission as an agency 
tive branch of the Government is obliged to act 
the 
authority of the President under the Constitution 
the affairs of the United 
The staff urged also that, under the 


the Commission was 


in a manner consistent with inherent 


to conduct foreign 
States. 
circumstances of this case, 
obliged to acc ept the views of the Secretary of 
State, as the President’s spokesman, with respect 
to the impact on our foreign affairs of issuance 
of the proposed license. 

[he Commission’s decision did not consider 
the foreign affairs question because the case was 
examiner for other 


remanded to the hearing 


reasons. 


2. The applicability of a City of Houston ordinance 
prohibiting the / 


operation ¢ any radia tive waste 
disp sal blant iu ithi th cil) 


j 


Intervenors urged that the Commission should 


not issue the license unless there was compliance 


DISPOSAL OF 


RADIOACTIVE WASTES 

with applicable ordinances of the City of 
The AEC staff urged, and the 
Commission decided, that the applicability and 
validity of the ordinance are not proper ques- 
tions for consideration by the Commission in a 
licensing proceeding. Such laws frequently 
raise legal questions (such as questions as to the 
proper interpretation of the laws, their validity 
under the State constitution, etc.) which should 


Houston. 


be decided by the regular courts and are not 
within the competence or jurisdiction of the 
Commission. 


3. Intervenors raised issues as to the applicant’s 
qualifications to engage in the proposed activities and 
the suitability of his proposed waste, storage and 
handling site 


The Commission found that these, as well as 
the applicant’s proposed equipment and pro- 
the waste, would be 


cedures for handling 


adequate. 


4. The issue on which the Commission was not 
satisfied concerned proof as to the integrity of the 
containers 


‘The applicant proposed over the 2-year period 
for which he requested a license, to dispose of a 
total of not more than 240 c of activity in barrels 
meeting ICC specifications and containing not 
more than 2c in each barrel. The containers 
would be packaged in either of two ways: 

a) Where the container of radioactive waste 
received by the applicant from his customers is 
smaller than a 55-gal drum, it would be centered 
in the drum, surrounded by concrete reinforced 
with wire mesh, and the drum would be closed 
by means of a bolted, steel, closing ring; 

b) Where the container itself is a 55-gal 
drum, it would be completely encased in a sheet 
of steel-reinforced concrete at least 5 in. thick. 

No containers would be shipped to the appli- 
cant except 55-gal drums or containers small 
enough to fit in a 55-gal drum with a 5-in. coat 
of concrete. Pressure relief valves would not be 
required. 

The case was decided by three Commissioners. 
The majority, consisting of Chairman Joun A. 
McCone and Commissioner JoHN S. GRAHAM, 


ROBERT 


stated with respect to the container question: 


Our examination of the record does not disclose 


any comprehensive testimony concerning the 
effect of sea pressure, at various depths, upon the 
two types of containers proposed to be used by 
the Applicant. 


testimony of record may support a conclusion that, 


Although we recognize that the 


even if such a container ruptured, no unreasonable 
hazard to human and animal life would result, we 
feel constrained to take a conservative approach on 
the matter of container integrity and we believe it 
appropriate to require this Applicant, if he desires 
authorization to dispose at sea, to present further 


testimony with respect thereto on our remand of 


this proc eeding. 

We believe that consideration should be given on 
the remand of this case to the admixture of waste 
with concrete, in a 55-gal drum so as to constitute < 
virtually solid block and thus to avoid any chance 
of implosion of the container at the authorized 
disposal depth. Such a procedure would appear to 
avoid the alleged problem of preventing significant 
voids when waste is packed either in 55-gal drums 
or in smaller containers which in turn are placed 
Additionally, the 
Applicant may also wish to explore the use of a 


in concrete within such drums. 


valve which would permit equalization of pressure 
in any voids as the barrel descends. 


In a separate opinion, in which he concurred 
in the decision to remand, Commissioner JOHN 
F. FLOBERG stated: 


I consider this decision to be principally based on 


grounds other than supportable scientific or 


technical conclusions that either the integrity of 


the containers or a change of site is essential or, 


indeed, even relevant to the health and safety of 


the residents of the land areas surrounding the 
Gulf of Mexico. 
the eagerness of the Commission to allay all anxiety, 


Rather I believe it to be based on 


however unreasonable, unfounded, and scientifi- 
cally unsound, of the residents of those areas with 
regard to safety. 

That rupture of the disposal packages at any 
reasonable depth would pose no threat to public 
health and safety of the residents of either the 
United States or Mexico, I am completely satis- 
fied. * 
that the overwhelming 


I would suppose 


majority of you, as health physicists, have no 
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doubt that the ocean disposal proposed by the 
applicant would be without hazard to health 
and safety. In atomic energy, however, as in 
all other activities in a democratic society, it is 
not enough merely to be confident we are right. 
No activity in a democratic country can be 
carried on for long without public approval. 
This need for public approval imposes upon 
those with specialized knowledge in areas of 
public concern, the responsibility to communi- 
cate that knowledge in understandable terms in 
order to create an informed public opinion. 
Having worked quite closely with many of 
you for almost 10 years, I recognize, and I 
believe I understand, the impatience which 
many of you feel at becoming involved in legal 
proceedings, and your impatience with legal 
requirements of applications and licenses, with 
that 
limits rather than guides. 


radiation regulations establish exposure 

Had uses of atomic energy remained in the 
laboratory where they were initially developed 
not very many years ago, you would not be so 
involved with things legal today. ‘That you are 
so involved, demonstrates the success of efforts 
to develop uses of the atom. Having emerged 
the the like 
significant technologies, has become involved in 
The 


law and legal proceedings provide the standards 


from laboratory, atom, othe 


social, economic and other controversy. 


and the means by which such controversy is 
resolved—they do not create the controversy. 


The law (substitute “regulations”, if you wish 
provides also the minimum requirements of safe 
practices from which users may not depart even 
when costs are mounting and economic com- 
petition is severe. Thus, these requirements 
protect you, whose profession is safety, and your 
organizations from the undermining effect of 
competition from organizations to whom safety 


might be of secondary importance. 


* After the delivery of this talk, one of the intervenors 
Waste 
Harris County, Texas, appealed the Commission’s grant 
of the license to the federal courts. On June 30, 1961, 
the United States Court of Appeals for the Fifth Circuit 
upheld the 


in the Industrial Disposal Corporation Case, 


Commission’s authority over radioactive 


waste disposal and its action in this case. 


Phy 
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1 
arcn, 
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Amsterdam, Netherlands* 


1960 


th 


ulation of the maximum permissible concen- 
| 


i 


Che values are based on the maximum per- 


| I.C.R.P. 


fich 


1S 
LISI 


ed by the Concentration factors of 


ction of against the uptake of radioactive 


elements in the sea water which are chemically related 


mum permissible concentrations in sea water 


into the sea. 


would mean that the permissible concentration 
in sea water would be lowered by an extra 
that the 
homogeneously 


factor. Evidently, the assumption 


radioactivity is distributed 
throughout the sea is not a realistic one, but 
even so the notion of (MPC), will be found useful 
the of 


can be tolerated in a certain sea as we 


in discussing quantity radioactivity 


whi 


nich 


shall demonstrate in the Appendix to this report. 
The recent publication of new recommenda- 


tions by the International Commission on 
Radiological Protection: makes it possible to 
estimate the permissible concentrations in sea 


ol 
important role in the technology of radioactivity. 
As 
Table 1. 
permissible concentrations for the population at 
| 


wate! those radionuclides which play an 


} 


SI e shall consider the nuclides listed in 


This table also indicates the maximum 


vased on the gastrointestinal tract and an 
The list is, of 


at this stage. 


| irge 
alternative most sensitive organ. 


course, fairly arbitrary 


BASIC DATA 


[he maximum permissible concentrations in sea 


wate! 


n this paper will be based on the amount of 
If 


the consumption of other marine animals does not 


i 
radioactivity which may be taken up from fish. 
exceed 25 g/person as an average over periods of 
months, the limitation imposed by their consumption 


does not for most nuclides impose lower tolerances 


A. H. W. ATEN, JR. 
Table 1. Radionuclides which are important in atomic energ) 


First limiting Second limiting 


Nuclide Half life 


Fe°*” +5 days G.I. | total body 
: 71 days G.I. ‘ total body 
5.3 years total body ‘ G.I. 
245 days total body ‘ G.I. 
51 days bone 5 G.I. 
28 years bone G.I. 
58 days G.I. : bone 
Zr®® 65 days G.I. ‘ total body 
Nb®® 36 days G.I. ) ‘ total body 
Rul 40 days G.I. . . total body 
Ru! : “2 G.I. kidney 
[131 . F thyroid % G.I. 
Cs187 é total body M G.I. 
Cel! 33 days G.I. ) ' liver 
285 days G.I. } bone 
14 days G.I. a 5 total body 
2.6 years G.I. 7 0-4 bone 
G.I. ; bone 
total body d G.I. 
bone , 7 G.I. 
G.I. kidney 
G.I. total body 


bone 


than the consumption of fish. ‘fe shall a > th lifferent nuclid ( xceed unity. 
the maximum amount of fis ( n per day i { até ( to estimate 


(5) — _ \ t} 
3 In our calculat t 4 i “Vali or sea wate ; tl mn ntration tacto1 


amounts 
we do not at thi age introduce a factor to take int ; vh Y ate le Y% | ncentrations 
account the dilution * contaminz | fish by fish adionuclide in fish and in s« vater.+ In 
from other fions al we shall, at lea o begu ase the centrz n fi known with sufficient 
with, aim at a maximum uptake of radioactivity acy we can Ca ate th um permissible 
any person not exceeding the daily dose permitted b Cel 1 in sea wate! rom the maximum 
the I1.C.R.P. for the population at large. ; mean 

that we shall base our estimates on the maximum able ¢ l ict edt mn pational MPC 
permissible concentrations fo drinking water? ; f ling l | { tl 


suggested by the I.C.R.P. for occupational exposure 


factors indicated in ‘Table 2. Safety facto 


Furthermore we shi assume—as is done in the 100 


I.C.R.P. re port that only one ngie radioac tive Critical organs gas i re total body 
species is consumed. In case more than on | f bone 
radioactive element is consumed the sun * th thyroid 
fractions of the maximum permissible concentrations kidney 
liver 
All (MP values used in this report refer 
168-hr week. They differ from the figures li 
because they have been obtained by mult phy ir 4 he latt 4 symbol F correspon ls to the factor fin Refs. 


by the safety factors in Table 2. 
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Table 3. Concentration factors in fish 


Element F , observed Method 


Potassium Chemical analysis‘® 


Chemical analysis‘ 


Calcium Chemical analysis‘® 


From concentration in sea water‘®? 


litani Chemical analysis (very inaccurate) ‘® 


Iron 1000 Chemical analysis‘® 
Cobalt 160 Chemical analysis of fish and sea water'®;9) 


Zine 1000 Chemical analysis‘® 


5000 Chemical analysis‘”? 


,000 


Strontium Chemical analysis‘®? 


Chemical analysis (and uptake ?)"® 
J 
| ptake of Sr®¥ in 71 apia)) 
Uptake of Sr®* in mullets (whole fish)“ 
Uptake of Sr® in killifish (muscle) “*? 
| 
Uptake of Sr®°® in young eel (equilibrium doubtful) * 


Chemical analysis fishflesh and uptake of Sr9@ ]8) 


Yttrium Chemical analysis (and uptake ?)“@® 
Ruthenium & Calculated from comparison of uptake of Ru!® and Sr 
with & 2.0 for strontium‘ 
Iodine Chemical analysis‘°? 
Chemical analysis‘”? 
Small eel (uptake of [131) * 
est value 
Chemical analysis'® 
Chemical analysis (and uptake ?)"® 
Uptake of Cs!87 in croakers (muscle) (extrapolation) @! 
Uptake of Cs!8" in killifish (muscle) “* 
Extrapolated uptake of Cs!87 in young eel* 
best value 


Cerium y Chemical analysis (and uptake ? (10) 


Radium Calculated from radium content of fish'” (this is supported 
by determinations by MAYNEorD et al.“4) and of sea 


water'8,15) 


Uranium 2 Chemical analysis (meat of different of fish) + 


Plutonium Calculated from comparison of uptake of Pu?®® and Sr® 
(5) 


vith F, 2.0 for strontium 


* Measurements by Miss G. WoLzak and Miss J. C. Kapreijn obtained in this laboratory. 
+ There is also an observation'’*) to indicate that F, for caesium is four times the value for potassium, which is in 
good agreement with our choice of best values. 

{ Measurements performed by Dr. Koor and Dr. U. Ho .tstem of Reactor Centrum Nederland and J. W. 


DALENBERG of this Institute and the author. 
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permissible concentration in drinking water (MPC),, 
by means of the following formula: 


8.8 
MPC), = 


c 


MPC), (1 


It is evident that it will be of the greatest impor- 
tance to us to use the best values at our diposal for the 
concentration factors. The available information is 
Table 3. 


averaged 


discussed in It is seen that the inaccuracy 


of even the best values of the concentra- 
tion factors is appreciable and in general not less than 
a factor amounting to several times unity. This is 
specially true for the concentration factors of ruthen- 
and plutonium calculated from DuNsTER’s 
Table 9 in Ref. 5 
for Sr®® is somewhat uncertain, due to the presence 
of Sr8°. This tends to make the F.-values for Ru and 


Probably, concentration factors to a 


ium 


average (see in which the figure 
5 5S 


Pu too low 
certain extent will depend on the kind and size of the 
fish, and possibly even on the other conditions in the 
sea, but even so we may try to use the notion of a 
constant concentration factor of an element in fish as 
a useful approximation. 

Just as in the case of the drinking water tolerances 
the radionuclides in sea water can be arranged in 
two groups, one group which is limited by the danger 
G.I. 


and another group for which the limiting factor is 


of over irradiating the gastrointestinal tract 


the radiation dose administered to some other 


critical organ. It is easily seen that the division is 
the same in the case of maximum permissible con- 
centrations in sea water as in drinking water. 
HYDROLYSABLE ELEMENTS 

It is of interest to point out the chemical 
meaning of these two groups. A 
elements hydrolyse quite easily, and these will in 
general be unable to leave the gastrointestinal 
tract, the latter for this reason being the limiting 
organ for radioisotopes of these elements. It is to 
be expected that the same elements will also tend 
to hydrolyse in sea water and for this reason we 
may expect to meet them in the latter medium 
either as colloids or attached to particulate 
matter. ‘The other group, which does not hydro- 
lyse as easily, will tend to occur as ions in the 
intestine and for this reason elements of this 
group will in general endanger other critical 


organs rather than the gastrointestinal tract, if 


their radioactive half life is sufficiently long. 
At the same time these elements will generally 
occur as ions in sea water. Table 4 presents a list 


number of 
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of elements of which the chemical condition in 
sea water is known together with the /,-factor 
selected by the I.C.R.P., which indicates the 
fraction of the nuclide which enters the blood 
from the gastrointestinal tract. 

We have also listed the critical organ to be 
used for estimating the maximum permissible 
concentration for the total population. It is seen 
that the data in Table 4 are on the whole in very 
good agreement with these conclusions, although 
antimony seems to be out of place with 73 per 
cent in the ionic form, a fraction which also 
seems improbably high from a chemical point of 
That tract is the 
critical organ for molybdenum and copper is 
simply due to the fact that the half-life of these 
Any short-lived 


view. the gastrointestinal 


radioisotopes is quite short. 
isotope has, of course, little chance to leave the 
gastrointestinal tract and is therefore unlikely to 
be concentrated in another organ.) The transi- 
tion between the G.I. tract and other critical 
organs is in the region where /, has a value 
The G.I. tract is not the critical 
x%-emitters, the a- 


around 0.1. 


organ for pure because 


articles do not reach the sensitive region of this 
g 
this reason the critical 


part of the body. (For 


organ for plutonium and thorium is the skeleton. 


The relation between their chemical condition 


in sea water and the /,-value is, of course, the 
same as for /-emitters. 

The elements which are easily hydrolysible 
and which do not occur as ions in the sea water 
will all suffer a very similar fate. ‘They will be 
taken up by different organisms by means of a 
filtration mechanism and in this way enter into 
food chain. This gives us reason to assume that 
their nuclides will be taken up by different 
organisms in roughly the same proportion in 
which they occur in the sea water and that they 
will always retain this ratio in their passage 
through different animals. ‘This assumption 
leads us to expect closely similar concentration 
factors in fish for all the nuclides which are easily 
hydrolysed. That this expectation agrees with 
observations within the accuracy of the observed 


concentration factors is shown in Table 5. In 


judging the agreement in Table 5 it should be 


kept in mind that the figures for ruthenium and 
plutonium may be on the low side. Under these 
circumstances the agreement does not seem to 
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Table 4 


(@) Fraction leaving 

a water‘” , F °° 

viet gastrointestinal = Critical organ 
n other Radioisotopes 


total population 


total body 
total body 
testis 
total body 
thyroid 
kidney, G. 
bone 
bone 
bone 
total body 
€s.3. 

, Tel29m testis 
total body 
total body, G.1I. 
Sb?*4, Sb1*5 G.I. 
Rul, Ryl% G.I. 
CGel41. Gel44 G.I. 
79 G.I. 
yy, y% Gs.2. 
Nb*®? G.I. 


the organism. 


obtained in this formula are collected 
Evidently, most of the results given 
will refer to the G.I. tract as the 


ical organ, but the formula is equally appli- 


he cases of plutonium and ionium where 


cabletot 


the critical organ is the bone. Perhaps it might 


be better to use the observed concentrations 
factors for those elements where this figure is 
available, and we have calculated maximum 
permissible concentrations for sea water in this 
way from formula (1) and the values obtained 
are also found in Table 6. As was to be expected 
the two (MPC), values differ by a factor of not 
more than a few units. On the whole the figures 
obtained from formula (2) might be the more 
reli ible ones, however. 

The equality of the concentration factors for 
scat easily hydrolysible elements should not only hold 
for fish but also, of course, for other organisms in 
the sea. This is born out by the scanty evidence 
available: concentration factors calculated from 
DunsTER’s figures are thirty times higher in 


As 3. We 


Table 6. 


Maximum permissible concentrations for easily 
hydrolysible elements in sea water 


MPC 


ated from (1 


. calcul- 
MPC), taken 
Nuclide as MPC),,, 


l 


with individual 
uc/ml F, values from 


Table 3, uwc/ml 


Y* s 1.8 10 
Zr? 5 
Nb2® 
Ry! 
Rul%6 


Cel4! 
Cel44 


Pr! 13 
Pml4? 
Sm}?! 


“I “JI GO Go Oo 


‘J h230 lo 


Pu239 


mussels than in fish for Ru!®® and seventy-five 
times higher for plutonium. 

MP 
listed in ‘Table 6 do not play a physiological role 
in the human organism as far as we know. The 
Table 1 on the 


other hand seem to have either a physiological 


The elements for which the values are 


other elements mentioned in 
role in the human organism or they are close 
chemical relations of elements which are physio- 
logically active. (Uranium* is probably an 
exception as it seems to be quite unessential to 
life. 

PHYSIOLOGICAL ELEMENTS 


Those elements which are physiologically 
important are in general controlled by physio- 
logical processes as far as the uptake into the 
body system is concerned. In other words the 
amount present in the body does not depend 
very much on the amount offered to the system. 
If only a small quantity is consumed most of it 
will be put to a good use, ifmuch is consumed the 
larger part will either remain in the G.I. tract or 
it will be secreted by the kidneys—as a rule 


fairly rapidly. This means that there is a very 


* The MPC 


obtained by using the F.-value < 


best value for uranium is probably 
20 in formula (1 This 
10-* ue/ml. 


gives us (MPC), } 
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special protection mechanism available for the 
human body against these radionuclides. 

Sea water contains appreciable quantities of 
all physiological elements and once the radio- 
active isotope is mixed with the stable isotopes of 
the same element isotope separation will be 
impossible. In other words if the human system 
restricts the quantity of the element present in it, 
the amount of radioactivity will be limited by 


f 


the specific activity (activity per unit weight of 


element) of the element in the food. Ifwe ensure 


that in the sea water this specific activity does 
not exceed the specific activity of the element 
which is permissible in the food, we 


that the 


may be 
assured maximum permissible body 
burden of the radionuclide will not be exceeded, 
or at least will not be exceeded to a very appreci- 
able degree. The specific activity of the element 
in the food can be calculated by dividing the 
permissible activity of the element in the daily 


2200 MPC), 


by the daily intake of the element, 


drinking which is 


Ss 


walter, 


tl 


uc/day 


I o day 


If the concentration of the element in 


o/cm®*) we shall 


Ss 


the sea water is expressed as . 


always be fairly safe if we use the following 


formula: 
2200(MP¢ 
I 


MPC 


It should be understood that this protection 
is, of course, only valid against over-irradiation 
of other organs than the intestinal tract because 
the uptake in the intestinal tract is not governed 
by the 


tion will not matter much in the case of [!*! or, 


same physiological factors. ‘This restric- 


to a smaller extent, Zn® because there the G.I. 
can stand a much larger dose of the radionuclide 
than the critical organ. On the other hand in 
the case of Fe®®, Co®§ and Co™ the quantity of 
the radionuclide permissible for the G.I. tract is 
about the same as that permissible for the other 
most sensitive organ and in this case formula (3 
will not afford protection against over-irradia- 
of the G.I. but it still afford 
protection radiation damage of the 
The 


permissible concentrations in sea 


tion tract, will 
against 
gonads, the blood-forming organs, etc. 
maximum 
water calculated with formula (3) for isotopes of 
physiological elements are collected in Table 7. 


Although the figures calculated in this way are 
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chemical point 


related from a 


ely 


element 
mg/ml 


physiol. 


~ 
a 
— 


< 
s 
33 


radionuclide 


physiol. element 


x1. t 


F 


ri 


1 walter oO 


mg 


little dange to the G 
MPC), physiol. 
uc/ml element J 


organ 


Critical 
total body 
total body 


1 


total body 
thyroi 
nuclides which apart from other organs also endanger the ( 
gastro 
gastro 
Physiol. 
elements 


Radionuclides which present 


nuclide 


Radio- 


A, 7. 


extremely safe (at least for organs other than the 
G.I. tract), they probably represent very serious 
under-estimates. If we calculate the total amount 


of iodine, iron and zinc taken up with 250 g of 


fish (for cobalt the situation is quite different) we 
find that this quantity of the element is appreci- 
ably less than the normal daily intake. There- 
fore, we may assume that a ratherlarger quantity 
of these elements the system with 
other kinds of food. This means an extra dilution 
of the radioactivity or, in the 
average specific activity of the element in the 


enters 


other words, 
food will be much lower than assumed in the 
calculation of formula (3 
the element consumed per day will be /, but the 


total quantity of the element present in 250 g of 


fag 


fish will be only F,/8.8 x 2200 c,. Therefore, in 
as far as this reasoning is valid we may increase 
the daily intake of radioactivity and therefore 
the MPC in sea water by a factor equal to 

I 


F,/8.8 x 2200 c, 


- 
By introducing this factor into formula (3) in 
this way we again obtain a formula identical to 
formula (1 
formula 


1) is by no means as safe as that of 


formula (3) because it introduces concentration 


factors, which in this case are not checked by 
their agreement with other concentration factors 
of elements which behave chemically in the same 
way. The maximum permissible concentrations 
for sea water obtained by the latter reasoning 
are also included in Table 7. 

The case of the cobalt isotopes Co®® and Co®® 
deserves special discussion. The cobalt content 
of fish is so high that someone consuming 250 ¢ 
of fish per day would take in much more than 
the normal amount of cobalt. Therefore, the 
(MPC), based on total-body irradiation comes 
out higher from formula (3) than from formula 
(1). This in itself would 
reason to prefer the lower figure since, cobalt 


not be a sufficient 
being a physiological element, we may expect 
the quantity present in the body to be regulated 
by physiological processes. However, the fact 
that formula (1) applied to the irradiation of the 
gastrointestinal tract also restricts the (MPC), to 
lower values effectively determines its value, as 
there is no physiological protection against 


The total quantity of 


However, the application of 
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We therefore 
10-6 


60 


over-irradiation of the G.I. tract. 
must accept as the (MPC), values 1.6 
uc/ml for Co®®8 and 9 x 10 

There is another group of elements, strontium, 


? uc/ml for Co 


caesium and radium which, though not isotopes 
of physiological elements, are very close chemical 
relations of physiological elements and for this 
reason will be very unlikely to change their 
concentration relative to the latter to an impor- 
tant degree. This is specially true in the case of 
strontium isotopes which have the same value 
for F. as calcium, but it will also to a certain 
extent hold for caesium and radium, although 
for the latter nuclides this protection will be less 
certain as they are preferentially taken up by 
fish as indicated by the higher values of F, for 
than for strontium and 


and caesium 


potassium. 


radium 
However, very important distur- 
bances of the concentration ratio of the radio- 
nuclide and the physiological element in the sea 
water are unlikely to take place and therefore 
the physiological element will still afford very 
valuable protection of the human body against 
unexpected over-irradiation by the radionuclides. 
Therefore we can again apply the principle of 
formula (3) in these cases, but then we must use 
the (MPC),, the 


combination with the value of J for the physio- 


value of radionuclide in 


logical element. However, in this case we also 
have to take into account the fact that the ratio 
of the and 
physiological element will have different values 
This difference is taken 


concentrations of radionuclide 
in fish and in sea water. 
care of by the introduction into formula (3) ofa 
factor (F,) pnysio./(F, the ratio of the 
concentration factors of the physiological ele- 


radion.»> 


ment and the radioelement. The formula we 


obtain in this way is the following 
2200(MPC),, 
I 


physiol 


MPC), 
c/radion. 
In this way we have calculated the figures given 
in Table 8. In these cases too the total quantity 
of the physiological element consumed per day 
is quite a bit larger than that contained in 250 g 
of fish which means that an extra dilution of the 
physiological element takes place by a factor 


I 


F /8.8 x 2200 C, 


c physi yl. 
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We may therefore multiply the MPC of the 
radioelement in sea water by this same factor 
more formula (1) in which 
Table 8 


shows the results obtained by this formula. 


which gi 
F. refers to the 


es uS Once 


radioelement. also 


DISCUSSION 


[It is evident that the assumption made in 
MPC in sea that 


radionuclide is distributed homogeneously 


= . . . ie 
calculating the water, 1.€. 


by no means a realistic 


veneral, appre iable differen es 


centration ill be observed, the con- 


ition being highest near a dumping place 


ff a pipeline. If we would make 


values calculated in this report apply 


rhest concentration we would 


ile side. Howe eT. this 
we take into account the 
decrease 


the radioactivity 


in this area of 


appreciable 

on will never take up 

itv as corresponds to the 
ncentration of radionuclides. 
ome types of fish 

therefore we shall not be 
diluting action into 
‘ver, constitute an 
been paid to the radio- 


active radionuclides between the 


are measured in the seca 
into the 
1¢-lived 

= : 

this 1s of no 


import adioactive 


like [*! ¢] 


difference oOwe\ , we ve no way at 


Isotope S 


can make a great 


present oO aking tn lecay into account and 


we leave it to constitute another important 
factor of safety. 


}) In general the fish from the most highly 
y fish 
lo take this dilution into 


contaminated region will be diluted by 


caught in other parts. 
account it has been suggested that the allowed 
most 


concentration of radioactivity in the 
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the danger of 


RADIONUCLIDES IN SEA WATER 
strongly radioactive region should be increased 
by a factor equal to 10. In this connexion it 
must be kept in mind that the I.C.R.P. restric- 
tions need be satisfied only as averages over 
periods of months. (Of course, such a correction 
factor may only be applied if the distribution of 
radioactivity throughout the sea is actually quite 
inhomogeneous. If, as the other extreme, there 
were an infinite number of infinitely small fishes, 
and mixing of the fish were complete, this would 
mean that our (MPC), values could be used as 
values of the average concentration. 

+) If the quantity of contaminated fish is 
small enough to make it certain that only a 
small fraction of the population can be fed with 
a diet containing an appreciable fraction of 
250 ¢ of fish from the radioactive region, the 
people reached by this food might be considered 
to constitute a “special group” of the type B(« 
ICRP™. In this 


activity per ml of water in the region from which 


according to the case the 
this fish originates may again be raised by a 
factor 3. 


In tl 


1e Appendix a simple but not very 
realistic model of disposing of radioactive waste 
into a sea is used to discuss the application of 
points (3) and (4) to such a process. * 

No account has been taken in this report of 
the fact that possibly it may be decided that 
only part of the permissible radiation dose may 
In that case 


safety factor must, of course, be introduced. 


be caused by fish. an additional 

Before we conclude this report it is well to 
consider the soundness of our line of argument. 
Although the distribution of 
present in the fish depends on the distribution of 


the radioactivity 


the concentration of the radionuclide through- 
out the sea, the total amount of radioactivity 
present in fish only depends on the average 
concentration in the sea of the radionuclide 
under consideration? which average concentra- 

i ate of 


and the average time a radioactive 


tion in its turn is determined by the 
dumping 
atom spends in the sea under consideration 
before leaving it. This means that if one were 
* Of conditions 
actually 
MPC), 


It is assumed that the concentration of fish is constant 


course this case does not represent 
occurring. It only serves to indicate how the 


might be used under such conditions. 


throughout the sea. 


A B. W. 


only concerned with the total amount of radio- 
activity taken up by humans without bothering 
about distribution over different individuals one 
the 
dumped per day from the average concentration 
This 


would, of course, be the case as we mentioned 


could determine amount of waste to be 


regardless of the distribution pattern. 


there infinite number of 


infinitely small fishes and mixing of the fish were 


above, if were an 


complete.) As far as genetic damage is con- 
cerned, where only the total amount of radio- 
activity present in the entire population plays a 
part, this approach to the problem would be 
perfectly sound. It might be considered whether 
the mixing of fish after the catch, the movement 
of fish in the sea and the changing of the fishing 
grounds would not make it possible to use this 
treatment even in connexion with the somatic 
damage, in which case the value of the MPC in 
sea water could be used without restriction as 
average permissible concentrations in sea water 
instead of as maximum values. However, unde1 
the this 
permissible the 


to be followed. 


present circumstances would not be 


and rules of type discussed 


above will have 

APPENDIX 
in Sea ‘ater 1 Simpl Hy thet 
Dumpin 


Let us assume that radioactive waste 


- #77 
zmmumM pe TINUSSLOLE Con 


is being 


dumped into the sea at a constant rate at a 


fixed location. Furthermore we assume 
that either the sea 


not show a vertical concentration gradient or 


may 


1 
] 
i 


las a constant depth and does 


that only an upper layer of constant thickness is 
that 


vertical con- 


involved in spreading the radioactivity, 


this upper layer does not show a 
centration gradient, and that fish are taken only 
from this upper layer. 

Next we assume that the radioactive material 
dumped at a certain moment spreads in such a 


way that it always fills a disc of water homo- 
geneously and that the radius of this disc is 
proportional to This 
roughly equivalent to the dilution process of 
ScHAEFER"® except for the fact that SCHAEFER 


assumes the radius to be proportional to the 0.8 
power of time. Although the latter assumption 


time. assumption © is 
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will certainly be more accurate, the difference 
is not an essential one. 
that the 


continuous dumping is 


Using this assumption we find 


concentration during 
inversely proportional to the distance between 
the spot where the radioactive waste is put into 


This 


means that the concentration of the radioactive 


the sea, and the point of measurement. 


nuclide (c,) is given by () distance from 


dumping spot, I is a constant 
} 


, does not vary with time. 


It is immediately evident that at the place 
the 


‘J he concentration « 
where radioactivity is dumped at end of 
the pipeline the concentration of radioactive 
material must be very high. If we assume the fish 
do not move about, fish caught at this point 
would have a very high concentration of radio- 
active nuclides which would make its consump- 
undesirable. However, this 


tion extremely, 


complication can easily be circumvented by 
all fishing activities in a certain area 


that 


forbidding 


around the dumping spot. We shall see 


this area may be quite small. 


Consider a sea or a certain area which has for 


its ( a circle with radius 7 and the 


dumping s] at its centre. Denote the depth 


1 


of the ia inve | “cd in the 


h, the « 


spreading 
oncentra- 


this 


of the ra tive material by 
layer 
tne 


, . ; 
tion of The volume of 


between the dista ind \r from 


“Ty ) ha 


dumping spot will be 27rhAr, the amount of 


In this 
yuunt of 


fish contained in this volume 2 a Ar. 
amount ol ‘ we sha id an am 


radioat tivl 


If we indicate the radius of the area excluded 
from fishing around the dumping spot by 7, the 


amount of radioactivity contained in fish in the 


part used for fishing is given by: 


that 
the fish is in equilibrium with the radionuclide concentra- 


* We make the most unfavourable 


assumption, i.e. 


tion on the spot. 
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[his amount of radioactivity is contained in a 
quantity of fish thg(r,,” — 1,7). From this we 
find that the average concentration of radio- 


activity in fish 


In general 7, will be very small compared to r,,, 


which means that the average concentration of 


the radioactivity in fish will corrrespond to the 
equilibrium concentration half-way between the 
dumping spot and the outer boundary. 

We now have to fit to this model our notion 
of the PM ( 


cussion in sea water. 


of the radionuclide under dis- 
It is, of course, tempting 
vy equal to that of (MPC 


We shall now discuss the consequences of this 


to put the value of 


assumption. 

Che value of r,., the radius of the sea we are 
discussing, must be chosen in such a way that 
the area covered b t may be considered to be 
fished as a whole and with equal intensity in its 
different parts so that fish in the market has been 
Although 


this is a fiction it probably will be a satisfactory 


caught equally over the whole area. 


approximation as it does not in principle tend 


either to raise or to lower the actual average 


concentration compared to the calculated value. 
The 


estimated 


must be 
200 


size of such a part of the sea 


somewhat arbitrarily, but r,, 
km seems to be a reasonable choice. This means 
MP( is equal to the actual 

100 km. 


nearer to the dumping spot, the concentration 


that aw 
value of ¢, at? Of course, anywhere 
of radioactivity in fish will be higher than F, 
MPC), but this does not present any complica- 
tion because the higher activity in the fish from 
the more centrally located parts is offset by the 
lower activity in the fish from the more distant 
regions within our area, as according to the 
argument given in point (3), the mixing of the 
If weassume 
that 
take care of concentra- 


fish takes care of these variations. 
in accordance with the British suggestion 
this averaging out may 


oO 
12 


tions of radioactivity increased up to a factor of 


10, this would take of the extra radio- 


activity in any fish caught at a distance of 10 km 


care 


or more from the dumping spot. ‘The amount 
of fish which will be caught inside a circle of a 


10 km radius—if the entire area is fished with 
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equal efficiency—will amount to only } per cent 
of the total quantity of fish.* People who 
fish from this may 
considered to come under the special group 
Bic) of the ICRP 


consume fish with three times as much radio- 


consume source well be 


and may for this reason 
activity as other people. This means that this 
extra factor makes it possible to fish anywhere 
outside a circle with a radius of 34 km from the 
dumping spot without exceeding the restrictions 
imposed by the rules of the ICRP in combination 
with the arguments presented in points (3 
and (4 

Possibly there may be objections to this last 
argument, which involves the use of a special 
group of the population. In case this reasoning 
is not considered acceptable the region to be 
excluded will have a radius of 10 km which is 
stl acceptable, although less satisfactory than 
the smaller distance. 

In the preceding argument we have assumed 
that the radioactivity spreads equally in all 
directions from the dumping spot and that the 
latter is surrounded by water on all sides. The 
latter part of this assumption is by no means 
essential. The situation does not change much 
if we assume that the activity is dumped some- 
where on a coast or that it is dumped at a 
certain spot into a stream in which it spreads 
laterally under a constant angle. In case the 
rate of spreading and the depths of the layer of 
water involved are known, it is a simple problem 
to calculate the permissible rate of dumping. 

In actual cases the spreading of the activity 
in the water will be more complicated and a 
number of measurements will be necessary to 
information concerning this 


obtain sufficient 


process. However, this trouble will be well woth 
taking and after the required data have been 
obtained the permissible rate of dumping can 
be calculated. 
SUMMARY 

‘Two methods are discussed for the calculation 
of permissible concentrations of radionuclides in 
sea water, one for elements which either play a 
physiological role in the organism or are closely 
related to such elements and another method for 

* Dilution by a factor 10 as discussed under (3) may 
bring this percentage up to 2.5. 


A. i. OW. 


non-physiological elements. The application of 
such permissible concentrations is briefly dis- 


cussed. 
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RADIATION EFFECTS OF A 10-MW REACTOR ON ENVIRONS 
OF THE GEORGIA NUCLEAR LABORATORIES* 


J. M. SELBY?T, C. A. WILLIS, B. M. BOWEN and J. H. EDGERTON 
Safety Department, Lockheed Nuclear Products, Lockheed Aircraft Corporation, 


Georgi: ivision, Marietta, 


Abstract ( idiation Effects ctor (RER) has been operated for approximately 
0 MW! I it time, studies have been made to determine the radiation and activa- 

I Nuclear Laboratories (AFP 67). Soil, air and 
termine the amount of activation and the resulting 

iment surveys and foil measurements have been made 

- and neutron exposures on plant life have 

1 performed in conjunction with Emory University. 


studies. 


INTRODUCTION CER) is used to determine core configurations 
ty at the Orel les for the Radiation Effects Reactor RER 
where the components and subsystems are 
irradiated. Irradiated materials are trans- 
ferred from the RER to the hot cells in the 
Radiation Effects Laboratory (REL) by means 
of the railroad transfer system shown in Fig. 2. 


} 


lation area Cal] 
this reactor wi [he Radiation Effects Reactor, shown in 


< 
open, utilizing al Fig. 3, is a heterogeneous, air shielded, pressur- 

or the protection of ized light water moderated and cooled reactor.‘ 
description of the It is designed to operate at 10 MW with a high 
fast neutron leakage current of 2.8 1011, The 
core consists of twenty-six modified MTR type 

fuel elements, four fuel cadmium poison control 
Blue Ridge ls, and a cadmium-silver regulating rod. 


Che Georgia The core contains a] 
| 


proximately 5.4 kg of 


he Radiation uranium highly enriched in U*"*. It is contained 

tical Experiment in an aluminum inner tank, a stainless steel 

the Atomic Power _ pressure vessel, and an aluminum shield tank 

£ General Electri containing variable water thicknesses. The 

lifornia, from a con- _— shield tank is encircled by a boral shield with a 

Nuclear Branch of the removable section at the northeast face. ‘The 

Georgi: vision of the Lockheed Aircraft reactor is supported by a hydraulic lift, which 

Corporation, Marietta, Georgia; Radiation raises above the 38-ft deep pool for operation. 

Effects Laboratory (REL) and Nuclear Support The reactor is remotely operated from an 

Laboratories. The Critical Experiment Reactor underground control room in a_ concrete 
building. 

* Air 


Present Addré eneral Electric Company, age ‘ 
Richland. Many radiation control and safety problems. 


Operation performed at a reactor site creates 


Hanford tomi oducts Operation, 
Washington One is the release of solid, liquid, and gaseous 


126 


radioactive 
environment.‘*? 
to the 


J. M. SELBY, C. A. WILLIS, B. M. BOWEN and J. H. EDGERTON 


TENNESSEE 


DALTON 


yy CARTERSVI 
ROME ae) 


NORTH CAROLINA 


ATLANTA 


CARROLLTON 
ay 


Vm 


Cities and counties at 5-10-20-30-40-50 mile radius from Georgia Nuclear Laboratories. 


Fic. 1. 


the 
Release of radioactive materials 
the 


materials and their effects on 


environs may occur in following 


ways: 


l 


Emission of small undetected amounts of 


radioactive materials over a long period 
of time. 

Controlled discharge of radioactive waste 
to the environs. 

Direct 
reactor building with subsequent erosion 


activation of materials around 


and release to the environs. 


COVINGTON 


radioactive materials released to the 


I he 


environs may eventually enter a human body 


by inhalation, ingestion, or by transfer through 
the food 
radiation 


chain. Because of toxic effects or 


damage resulting from internal de- 
position of radioactive materials, the National 
Committee for Radiation Protection has estab- 
lished rigid limits (maximum permissible con- 


centrations) for the radioactivity density in 
water and air. 
To ensure that operation of the air-shielded 


reactor will create no problem to persons living 


RADIATION 


—$—$— 


REACTOR BUILDING 


n@ 


PEDESTRIAN a 
- 
) 


Georgia Nuclear Laboratories. 


Fic. 2. 


near the site, it was necessary to determine the 
buildup of radioactive materials in soil, air, and 
water and to observe the effects on the plant 
ecology with reference to possible future erosion 
problems. 


DUST ACTIVATION 


\s shown in Fig. 4, air samplers were located at 
] 
I 


three positions near the reactor during the 100 hr of 
| 


continuous 1-MW operation and at seven positions 
10-MW Che 
samplers were operated continuously before, during, 
and after the 10-MW operation. ‘The air filters were 


near the reactor during operation. 


counted for decay in a 7-in. proportional flow counter 


equipped with an end window. During one period 
of 10-MW operation under inversion conditions, a 
large volume sample was collected with an electro- 
static precipitator at the Nuclear Support Laboratory 
and counted in a Nal dee p-well scintillation spectro- 
photome ter for decay. 
During 1-MW operation, 
increase in activity over concentrations found before 
10-MW operation, however, 


there was no detectable 
operation. During the 
the concentration between 250 ft and 80 ft increased 


by a factor of approximately 200, as illustrated in 


EFFECTS OF A 


10-MW REACTOR 


Equipment Tank 


Control Rod Drive 


Pressure Vessel 


Inner Tank 


Core 


Shield Tank ——————+ 


Support Structure 


Fic. 3. Radiation effects reactor. 


Fig. 5. The concentrations at distances 
during 10 MW operation varied between 1 190-2 
and 3 10-1 related to 


meteorological 


greater 


may be 
and not to 


pc/ml, which 


changes in conditions 
reactor operations. 

Analyses of the decay characteristics of the air 
samples indicates an effective 5-hr half-life during 
10-MW operation, which is similar to the soil decay 
shown in Fig. 11. The activity in the 10-MW air 
samples can therefore be related primarily to Mn*® 
(Ty. = 2.68 hr) and Na*™ (T;), 15 hr). All air 
samples at 1 MW and samples collected at distances 
250 ft at 10 MW exhibited decays 


greater than 


J: 


M. 
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\. WILLIS, I 
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Dust 


activation vs. distance 


similar to those associated with naturally occurring 
isotopes. ‘The air sample collected at the NSL during 
the 10-MW operation also exhibited the characteristic 
decay curve associated with naturally occurring 
isotopes. 

The radioactivity density in ¢ after shutdown is 
sufficient to require the use of masks in the vicinity of 
the reactor. However, at distances greater than a 
few hundred feet, because of air shielding and 
meteorological dilution factors, radioactive con- 


centrations in air present no problem 


ECOLOGICAL OBSERVATIONS 
The biological effects of radiation are pri- 
marily of interest to biologists; however, because 


of the relation of plants to the food chain and the 


possible increase of soil erosion from an area 


affected by radiation, any adverse effects from 


reactor operation will be of concern to radiation 
protection personnel. Emory University, as one 
tudy of the long-range 

radiation on the environmen 

observing: the plant life during the initia! 

of operation. Although it is too 
| 

iny definite conclusions about 
i ates’ wee wihiel ld 

around the reactor, certain trend vhnhich couk 

be predicted from past experimental work are 

apparent. 


Pine trees. which are known to be radiation 


‘ 


ZADIATION 


MAPPING 


EFFEC 


cS 


OF A 10-MW REACTOR 


vs. dist 


egested in NBS handbook 
is equivalent to 
under maximum 


reactor 


nt surveys were made within the 
during 1-MW and 10-MW opera- 
anks empty and boral shield off to 


ment the neutron foil measurements and 


y- and neutron film measurements. As should 


measurements at some locations 

of approximately 10, depending 

power level. Measurements were also 

to determine the difference in dose rate 

‘re full and the boral shield 

he neutron dose rate dropped by a 

nd the y-dose rate dropped by a 

Che difference between the factor 

90 with a neutron instrument and factor of 
ith the foils probably results from the 

ict that the foils were in line of sight of the 
reactor, while all instrument readings were 
aken along existing roads, which are terrain 
shielded. The instrument reading at the 3600 


ft fence in an unshielded location compared 


. SELBY, C. A. WILLIS, B. M. BOWEN and J. H. EDGERTON 


Runoff #2 


et 
Fic. 7. Soil and runofl watt r sample collection locations. 


favorably with the neutron flux measurement = 


SOIL ACTIVATION 


The radioactivity induced in the soil 


T 
at the same location. | 
| 
| 


escape neutrons from the RER is evaluated 
regularly analyzing soil samples. These 
are taken from the locations indicated in Fig. 
Other samples are analyzed from locations as 
far from the RER as the exclusion fence. 3600 ft 
away. ‘The samples are counted for gross /- 
radiation using an end window proportional 
counter. 

The gross / y activati 1 vs. distance relation- 
ship is shown in Fig. 8; 1€ ve has been 


smoothed somewhat 


“ Verte!” 7 


terrain variation. Comparing 

shows that the activity concentration 
more rapidly 

neutron flux. 


of the increase in 


distance. Che curve fall 


“ws v 2 eee 


inverse squar¢ relationship 


distance of about 


250 ft. ‘This is assumed to be 


the result of the thermalization of intermediate 


energy neutrons. 


RADIATION EFFECTS OF A 10-MW REACTOR 


samples showed an effective 5-hr half life. This 
probably results from the decay of (2.58 hi 
Mn*®® and (15 hr) Na?4 in combination. Both 
isotopes have been identified from y-spectro- 


analysis. The effective half life then increases to 


about 18 hr, probably as a result of Na*4 mixing 
with several slightly longer lived unidentified 
radioisotopes. The long half life exhibited after 
several days decay is probably due to naturally 
occurring radioisotopes. 

Chere has been little buildup of activity in the 
soil from the 1-MW and 10-MW operation. 
Samples were collected and analyzed before 
criticality, before 1-MW operation, before the 
100-hr 1-MW operational period, after the 100- 
hi ope ration, and after the 10-MW operation. 
lable | vives the average concentrations at each 


ol the reg 


ular sample distances shown in Fig. 7 
exclusion fence. It shows that, after 
lay decay period, the soil activity is little 
creater beyond 500 ft than it was before 
adiation. The slight increase shown is less 
might be expected from the high fallout 


ntrations observed in rain water over this 


1G SOE es nk I 


halt 
reater than 


concentration 


‘quilibrium value. 


i\ characteristics: 
e two imple ; ere collected immediately 


aitel LO-MW operation For the first few hours. " . Soil activation vs. depth. 


period. 


is still hig 
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Che activity in the soil near the RER 


; 
with a short e 


Oo 
12 


h compared to back: 


I 


I 


it is 


half life. 


round, but 


ective 
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soil. Soil samples are 


y-enerey 


analysis, 


characteristic investigati 


determinations, 
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subje ( ted to y-spec tro- 


| 


and aqaecay 


sull dec aylt 


Special samples 


been irradiated within 3 ft of the RER and 


] 


Investigations are being conducted to identify have T 
in determinations. 
from the RER 

Ridge National Le 
tigated 


Many 


others 


he radioisotopic constituents of the irradiated subsequently use isotope 


soil 
Ou 


at ( dak 


area were 


| 
wworatory ; 


lol isotopic content 


radioisotopes have 
detected, and are suspected. 


p32 


complicates 


failure of some isotopes of interest S* 
Ca*) to emit y-radiation 
identification. 


Of the thirty 


\\ here 
1 


11e 


more that 


T dk) eee see eT eee ee 


radionuclid 
consid 


71 
Fe? (2 


— 


ered: 


| 
and 


i lloisote DCs 


| not 
quat tities 1 


oper. 


(). 068 
0.05] 
0.087 
0.068 


U.U6U 


No 


first RER 
to 1-MW 
100 MVW 


1O-MW o 


iysS alle! 


ratio! 


10O-MW 


operatior 
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2. Soil radioisotopes 


+ 


Soilt Max. runoff 


100 hi , Soluble Insoluble 


1.6 10 ; : a 10 
+.6 10-* ; , . : 10 
10 1 ‘ 7 ; 10 
10 ‘ ). 
10-3 3 , , , 10 
10-4 ’ ‘ : ’ ; 10 
10 
10 


I sampling sites. 


hemical analysis of 


based on ¢ 
Vi r and equilibrium activation by 
7nV. The maximum observed concentration 


e element was used in each case. 


h 
I} il 11 1 ] 1 le > 
ihe sou activation study is not complete. 


Sufficient information has been obtained to 
establish that the hazard from activated material 


washing into the Etowah River is significant but, 
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at this time, not excessive. Further soil activation concentration of radioactive materials in rivet 
studies are being conducted in conjunction with, water. 
and to augment, a soil stabilization study. Approximately 0.8 in. of rai 
during one period of 10-MW « 
WATER ACTIVATION san 1] ae | 


| 1 , 

pies Wve ¢ 
Water samples are collected w ire returned t 

several loc: I hoy n Fig. | 


1 , . 
below tne reactor site. 


from each weekly 


] ] 
supped wee! 
Continuc 
] panel ne 
iocated on ft 

, 
curing pel 
streams d 


activated 


Data fir 


lable 3. 


est 


radioactivit' ity with the | 


Nig 
concentration urring aitel 1-MW o 


his ctuation does not result from 


operation, 
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EVALUATION OF THE VENTILATION RATE FROM THE 
DECAY OF FILTER-PAPER AIR SAMPLES OF 


THORON OR 


S. 


| 


Abstract 


\\ ilation the uilibrium between t 


orto! 


| | 
1 ol oDtaining tne 


] 
ae 


10 min to that 


INTRODUCTION 


ciated wil 


rium aris 


to then 


products 
I 
numerous 
there, thus 


radioactive 


not only out 


nd thoron but 


] 


acrosols. 


CY 


} em- 


RADON 


SOMAYAJI 


rit 


n ari 


DAUGHTERS* 


nt ‘| Bombay, India 


ombay., 
a 1960 


h the processing of thorium and uranium 
| ; themselves. 
he parent and the decay products is 


radon than to the parent gas¢ 


inhalation hazard. 1. described 


various daughter products of radon in 


the 


[SIVOGLOI 
s of the 


shape -decay curves of filter-paper ait 


ventilation rate in a thoron field and 


7 


luc ts ol 


It is indicated how the 
be 


pro thoron. 


after a delay of 30 min can used as 


he potential «-energy values for thoron and 


h are useful when planning control by means 


Adequate ventilation in a uranium mine is 
known to have reduced this hazard markedly 
inasmuch as it lowers the radon level in the mine 
as well as the equilibrium concentrations of the 
et 190) 


al 
described a method of estimating these equilib- 


daughte products. 9) [sIvOGLOl 
rium concentrations by taking filter-paper air 
samples and studying their decay. The shape 
of the «-decay curves of these samples shows 
significant variations from their shape unde 
no-ventilation conditions during the first 45 min 
after sampling and yields, when analysed, the 
relative proportions of the various daughter 
products in the atmosphere. 

Since the concentrations 


equilibrium are 


rgely gov in 


erned by the rate of ventilation 
mine, it should be possible to estimate the 
ventilation rate obtaining in the mine directly 


of the Lhe 


gives a simple and convenient 


from the shape decay curves. 


present papel 


method of doing this in the case of a thoron 


field. It is of interest inasmuch as it enables a 
correct evaluation of the breathing hazard in 


thoron fields and hence a satisfactory approach 


SOMAYAJI 


1 , Energy 
Half-life Radiation 
Me\ 
54 5 sec 
0.1 8 sec 
10.6 hr 


60.5 min 


».04 
The ». 1 min 
Pb298 (ThD 


to the ventilation requirements therein. This tion thoron and the radioactive decay 


method will be illustrated with a worked stants of these elements. As ion as the 


example towards the end of the paper. In ing system isstarted, however, the equilib- 


principle, it can be applied to radon atmospheres — rium will be disturbed and * concentrations 


as well. Che case of radon, however, is not will decrease teadily and finally attain new 


dealt with here as the effect is not very well stationary values, considerably lower than the 
pronounced. The relevant decay character- no-ventilation values. Under the new steady- 


istics of the thoron series are given in Table 1. ate conditions, let the concentrations of ThA, 


PhB, ThC, ThC’ and ThC” in the room be 


PRINCIPLE OF THE METHOD respectively fj, fo fa fy and f; times their 


» J2 1 
Consider a room in which thoron is generated respective equilibrium concentrations. Let A,, 


I 


at a constant rate. Let us assume that the | a * hi and ?- be the respective radioactive 


3 ) 


ventilation is such that p parts of the air in the decay constants in min l units. hen. as shown 
room are exchanged per minute at a uniform by Hutrovist“!) 
and constant rate, for fresh air which is practi- p| 2 
cally free from thoron and which mixes with the — 
room air almost instantaneously. Under no- 
ventilation conditions, the equilibrium concen- 
trations of thoron and its daughter products 1 


the room will depend only on the rate of genera- 
Normalized 


1) “ny 


9160 


IN OF THE VENTILATION RATE 


and the delay time JT 30 min. For the 
yurpose of these calculations, the number of 


thoron atoms per litre of air under the steady 


state is assumed to be unity. These values are 


normalized by taking the no-ventilation value 
as unity. The values of f, are also 

*table. It is seen that the normalized 

he sample for a fixed steady-state 

of thoron varies in the same 

that the 


B, which 


orresponding 

to 300 min have 
ilized taking the 
as unity. Che 
sample 

rate of 

}-cdlecay 

shown in 

‘ar that 
remarkedly 
irom 


comes 


ples for various degrees of ventilation. 
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Normalized beta activity 


)-Decay curves of filter-paper air samples for various degrees of ventilation 


across in practice. In addition, for any fixed experiment Ba given case. It ; seen 


change of ventilation rate, it will be observed that the asurement ity a mor 
that the shape of the curve changes more » than 
significantly i 1e case of a-decay than 

case of /-dec ay. In fact, this is what one would 


| 


ee : : » that 
expect since the initial «-activity of the sample 


° ‘ . . : liation allies 
is primarily de] number of Th( die os ; 

he atmosphere 
ction efficiency 


atoms present at tl n he sampling time 
' 


hence is su tible to 1 \ with an St luc self-absorption he filter-paper. 


respect to chi , lov er, these fi ; do not lead any error in the 


But the 
PRACTICAL APPLICATIONS OF 
THE METHOD 


EVALUATION OF THE VENTILATION 


A A.,,, ratio of the activities at 150 and 30 min 


wriatio f vith # 
ariation Of Ay<5/Ag,q with p. 


in equilibrium with the daughter products is 
equivalent to 128 MeV total potential «-energy 
pel 1° of air. The corresponding value for 


thoron and its daughters is 1750 MeV per cm?, 


hus, based on a consideration of potential 


z-energy alone, an equilibrium concentration 
thoron is about 13.7 times more hazardous 
rHE INHALATION HAZARD AS A . ‘ 
FUNCTION OF THE VENTILATION | an equivalent concentration of radon. 
RATI [he potential «-energy values are calculated 


for a certain concentration of the parent gas 


for different degrees of ventilation and are then 
plotted as percentage of the equilibrium value 
against the ventilation rate in Fig. 4. It is seen 
ficure that for the same percentage 

f the potential zy-energy, one needs 

of ventilation for radon than for 


by thoron. This should be expected because the 
ometime Oon- 


effective half-life of the «-emitters from thoron 

oy resulting , ‘ . 

daughters is more than that of the «-emitters 

cadaughtel , , 

. from radon daughters. 

certain volume ol 

ion of 10-7 we/em? 1 ledgme I am grateful to Mr. A. S. Rao 
for the encouragement and the guidance during this 
work. ‘Thanks are due to Dr. E. C. TstvoG.iou of the 
United States Public Health Service for useful 


comments, 
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of equilibrium 
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iipha energy 
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MEASUREMENT OF CAESIUM-137 IN MILK 


G. VOHRA, V. S. BHATNAGAR, U. C. MISHRA and S. RAGUPATHY 
Monit S m, Atomic Energy Establishment, Trombay, Apollo Pier Road, 


Bombay 1, India 
Re ed 7 July 1960 


Abstract—Samp!l liquid milk from Bombay and twenty-seven other stations in India, 
1 imported pow milk from Australia, Denmark, Holland, U.K. and the United States 


heir caesium-137 and potassium-40 contents. The average caesium- 
is 9.38 uc per g potassium for the year 1958, 18.26 wuc per g of 
uuc/g potassium for the first 2 months of 1960. The increase in 
sium-137 by a factor of 2 during 1959 has been attributed to the 
following the large number of tests conducted during the autumn of 
ntent in the Australian powder milk is found to be about the same and 
nilk about two or three times that in the Indian powder milk. There 
the levels of caesium-137 in different samples from India including 
Che values range fre .79 to 159.9 wue per g of potassium, the 

w Gangtok. 

{TION tion. The long-term hazard of caesium-137 is 
the gonadal dose received through whole body 
irradiation giving rise to genetic effects. 

The natural potassium in milk is also radio- 

active because of the presence of natural isotope 

potassium-40 in it which emits 1.46 MeV y-rays. 

The natural potassium-40 activity in milk 

ranges from 100 to 150 wuc per |. of liquid milk 

and from 0.5 to 1.5 wuc per g of powder 

strontium-90 (hal milk. ‘The variations in the natural radio- 
half-life 5568 vea tivity in milk can be used as a basis for 
4. 360 vei . assessing the biological hazard of caesium-137. 
product [his paper presents some data on the caesium- 


137 and potassium-40 levels in samples of milk 


I 


properties, and issociated | cvical hazai from India and a few other countries. The data 


will depend on it iological ition 1 1¢ on natural potassium content of milk, and 
on emitted. caesium-137 levels relative to potassium, are 
to potassium als presented. Chis data is considered useful 
1 ASSESSING the biological 
level of caesium-137 1 
in comparing the fallout 


quite ra . [ ological half oa OW 1 liffer ountries. 


only 


SAMPLING 


Che sampling procedure is as follows: 2 1. of 
and the ash collected 


a period of one ‘nder month is pooled 


K. G. VOHRA, V. S. BHATNAGAR 


U. C. MISHRA and S. RAGUPATHY 
to get a sample large enough for 


accurate 
activity measurements. 


The ashing is carried 
out at a temperature of 400°¢ Che y-activities 
barium-137m 
estimated using a _ scintillation 
spectrometer. 


due to caesium-137 


and potas- 
sium-40 are 


1 , . 
established 1 a yx. 1) unde 
ot country 1d 


ieasurements 
taken t b6U 


received 


l} 


irom ¢ 
1e sample S 


are 


Dp ] 
1Oowae 


mark, Holland, 
U.S.A. wel 
re quantiti 
into the cour 
The sample either measured directl 
iorm oO h. d . 


MEASUREMENT 


rem pot 
in milk 
. Im 10dca1d 
ten-chan1 


placed in 


fixed on dium iodi crystal, givir 
counting geomet 


with tl 


‘ ( l assembly 
1e sample 1: 


sl in. lead shield. [he 


from about 40 |. of milk 


a typical 


ip is shown in Fig 


btained 
bacl spectrum tron 
The photopeaks correspondin; 
ys from caesium-137, barium-13 
y-rays from potassium-40 are marked 
spectrum. ‘The following procedure is adopte 
nding out the caesium-| 


conten \ 


es caesium-137 and potassium-40 
standard potassium source. lis Y7activities in liquid milk from Bombay for the 
spectrum is normalized with respect to the potassium- different calender months of the period Febru- 
40 photopeak of the milk spectrum (as shown by the e 


ary 1958 February 1960. 


Pp . RESULTS 
}7 and potassium-40 

potass! im-40 spectrum abl 
obtained using a 


oO to 


Caesium-137 


MEASUREMENT OF CAESIUM-137 IN MILK 


( <137 of Pot issilum l. 


potassium of milk 


0.96 
0.99 


0.59 
1.40 
1.45 
l. 

1.03 


OO 
( 


o oO | 


}, and about 18.3 units for the year 1959 
is nearly twice the 1958 level. ANDERSON 
') have suggested that caesium-137 in milk 
nay be a direct measure of the fallout rate due 
to its short biological half-life in cow.™ Accord- 


ingly, one may conclude that the fallout rate 
1 


during 1959 has been twice the average fallout 


rate for 1958. ‘The increase observed in 1959 
DISCUSSION may be attributed to the increased fallout rate 


/ content of the following the large number of tests conducted 


uw uc/g potassium during the autumn of 1958. 
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Caesium-137 (barium-137m 
of milk samples from different stations in India 


Table 2. 


Sample 


Place Location 


Adoni 
Adoni 
Allahabad 


Anand 


25.22N 81.50E 


Bangalore 
Bangalore 
Bhavnagar 
Bhavnagar 
Bikaner 
Calcutta 
Coimbatore 
Cuttack 
Cuttack 
Guntur 
Jabalpur 
Kanpur 
Kanpur 
Karnal 
Kodaikanal 
Kodaikanal 
Lucknow 
Madras 
Meerut 
Muzaffarpur 
Mercara 


Patna 


77E 


3N 86E 


16.5N 80.5E 
23.15N 80E 
26.3N 80.15E 
26.3N 80.15E 


13N 80.3E 
28.45N 78E 
26.2N 85.5E 
12.5NZ 75.6E 
25.3N 85.15E 
Patna I5.3N 85. 15E 
Poona 3N 74.0E 
Poona 
Sikkim 
Sikkim 
Sikkim 
Shillong 
Shillong 
Trivandrum 


25.6N 91.9E 
25.6N 91.9E 


Varanasi 
Visakhapatnam 


Fig. 2 gives the monthly levels of caesium-137 
in Bombay milk for the 
This 


fauc/g of potassium 
period February 1958 to February 1960. 
figure shows significant peaks in caesium-137 
activity during three different 
i.e. July 1958, February 1959 and August 1959. 
The increase in the months of July 1958 and 


periods, 


4 


and potassium-40 ‘y-activity 
) 


Date of 


no. collection 


. 1 , , 
ly levels, and potassium content 


Potas- 
Cs!87/], K?2°/], sium/I. 
of milk | of milk = of milk 


LL LLU LLC { 


Cs}87 g of 


potassium 


19-9.59 


20-2-60 
12-8-59 
16-2-60 


) 1-8- 


30-1-60 
90-2-60 
14-11-59 
20-8-59 


20-11-59 


93-1-60 
20-8-59 
17-11-59 
19-8- 


6-1 1-59 


49 
) 


12-10-59 
27-11-59 
30-1 1-59 


1-11-59 


August 1959 may be explained to be due to the 
accelerated deposition by heavy rainfall during 
the monsoon months.) The summer monsoons 
at Bombay during which there is heavy pre- 
cipitation prevail from June to September. The 
increase in activity observed during the period 
1959 with the 


January to March coincides 


MEASUREMENT OF CAESIUM-137 IN MILK 
stum=40 yeactivity levels, and potassium content of powder milk 
Potassium/kg 


of milk 


powder 


Cs}37/¢ of Cs!37/ke of K**/kg of 
potassium milk powder milk powder 


Mkt LL LIC 
i o 


MPN-10/5 Mar. |] t, 85 1256 i2.73 
MPL-18/5 ept. 195! Pa ae 27 587 5.95 
MPN-25 t. 195! 7 :, if 1261 12.78 
MPM-22 ct ¥s 2 263 1471 14.90 
MPD-6/58 ec. 195! 19.75 .68 33 1648 16.70 
VMIPD-19 pt. | 4.01 ) 1298 13.15 
MPO 8 uly 195% 20.0 D. 2% 1421 14.40 
MPK-5/58 ec. 1958 cone ; } 1337 55 
MIPO \pr. |! Y ke Be te 8 f 1177 92 
MIPO-16/5 Sept. |! 8.92 ae a 32 1698 7.20 
MPK ) ept. 1959 13.82 : 1530 5.50 
MPA-3/58 ( 1958 ; ° 935 47 
MPA in. 195! 8.33 ‘ 83 982 95 
MPA-8/5 Feb. 195 ] ‘ 997 10.10 
MPA-13/5 ar. 195! ye 1.8 “ 872 8.83 
MPCG ar. 195! 1. 62 347 1084 10.98 
MPOS-1 ine 195! LI 2 1209 12.25 
MPG-15/5! June 195! Ys ae ’ 730 7.40 

3.5 


MPS-21/5 t. 195: 2.1 262 1337 13.55 


i 3? 
4 Y\, 


Fic, 2, Average monthly levels of caesium-137 in Bombay milk 
upc/g potassium) during the period 1958-1960. 
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increase in airborne activity during the same 
period.) The general nature of variations of 


caesium-137 in milk is similar to the variations 
observed in the strontium-90 level in milk at 
Bombay." 

The average values (in micromicrocuries per 
gramme of potassium) of caesium-137 content 
in the samples from the different stations in 
India and from Gangtok (Sikkim State) are 
charted on the map in Fig. 3. 

There 
different 
Gangtok 
highest i.e. 


are large variations in the values at 
stations, and the value obtained at 
6000 ft altitude station 
262 mwuc per |. of milk 


is by far the 


Table 2 


Fic. 3. Average 


levels of caesium-137 in milk 


nearly ten times the average value for all the 
stations in India. The may be 
expected to be due to the differences in rainfall 


variations 


giving different degrees of fallout deposition. 
The other factors determining the degree of 
deposition are the latitude and altitude of the 
station and the nature of prevailing winds. 
The variations may also be due to the type and 
the source of the pasture on which the animal is 
fed. The high value at Gangtok is likely to be 
due to a combination of these several factors. 


A comparison between the caesium-137 con- 
tent in the Indian, European and the Australian 


powder milk shows that the content in the 


UIC lo potassium 


from different places in India, during 1959-1960. 


MEASUREMENT OF 


stralian milk is about the same and in the 
opean milk about two to three times that in 
an milk. The variations give an indirect 

of the general fallout rates in the 

a precise statement 

ot correspond to the 

sand the composition 


nay not be the same. 


37 in most of 


a small fraction of 


y-activity in these 


.esium-137 (barium- 


bav milk is only about 


ing potassium-40 
riations in the 
ire often much 

the present 


not be ol 


C 


\ESIUM-137 IN MILK 


much significance as a health hazard. Even the 
highest value at Gangtok is only a small fraction 
of the tolerance level. 
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Abstract—The main facility at the Georgia Nuclear Laboratories (GNL) is an air-shielded 


10 MW reactor designed for a high leakage flux. ‘This reactor, located within 750 ft of 


Etowah River, is used for irradiation of aircraft systems and components. Becaus« 


neutron dose and the resultant soil activation, rigid control is maintained on run-off stream 
and the Etowah River. In order to overcome the lack of power at river and stream sampling 
sites, a sampler was designed to utilize river power. ‘The sampler, built on the water wheel 


principle, includes an adjustable suction device and a revolution counter. Using a current 


measuring apparatus, such as a Gurley meter, and maintaining the sampler at a desired 
sampling rate, the total revolutions and the volume collected c: » related to the rate of 


flow of the river. The construction of the continuous proportional water sampler and the 
| 


i 


calibration are discussed in this report. 


INTRODUCTION neutron leakage of 2.8 10! n/cm? sec 


THe Georgia Nuclear Laboratories (GNL), supported on a hydraulic lift. The 


located 50 miles north of Atlanta,” is operated raised to a position above a 38-ft deep storage 


by Lockheed Nuclear Products for the United pool and operated remotely from a control room 
States Air Force. ‘The original concept of the in an adjoining underground concrete building. 
laboratory was to provide a facility where large 


aircraft systems and components could be SAMPLER REOUIREMENT 


dynamically tested : -valuate inde -al- . ae “ , 
dy: im ly t sted ind evaluated under re as te Weadiaiies: Biles Biase is 
istic flux and environmental conditions. ‘The ee i, i eed 
aig 7 ape ; cays ’ ‘ operated above ground and is air shielded, a 
facility is also used in ecological, biomedical and hi ; ar 
” , ; igh neutron flux exists in the area surrounding 
shielding studies. , . ° ; 
I r the reactor. ‘The flux in n/cm? per sec at varying 

n order to irradiate large systems, it wa . 

; i . : > distances from the RER, as measured by the 
necessary to have a wide radiation field with a 


hich # The Radiat; , activation of manganese specimens," is shown in 
Oo y1]0 > ( fects : . . ‘ 
“ i flux h “tt out. , si ce ake oma ] lg. l. Ac tivation occurs 1n the soil asa result 

eactor (RER) was designed by the Atom of the escape neutrons from the RER. ‘The gross 


Power Equipment Department of General ‘ie . . NE ae 
)~y activation versus distance relationship is 


] 


Electric ( ompany, an Jose, California, from a shown in Fig. 2. The reactor is located 750 ft 


. _ ToT: - ed’ < > 2 } ‘ ‘ 
conceptual design by Lockheed’s Nuclear Branch Sem the Renee Mivec. which ic & eames of 


- pr : . r . » > . 
to accomplish that purpose. The RER is a water ine several downateeam comavunition The 


i *T cor e€ re i > 1¢ < = - . . . . . 
heterogeneous, pressurized, light water mod mots vadivestiniey dead ln cunall wee 
erated and cooled pac a Means ol resulting trom erosion of ac tivated soil has been 

renty-slx e I type tuel elements, : , ; : 
twenty-six modifi d 'T'R ype fue emenm'ss measured as high as 1.2 x 107% ye/cm*. In 
four fuel—-cadmium poison control rods, and a 


order to insure that the operation of the RER 


cadmium-silver regulating rod. ‘The reactor, 


. , and subsequent erosion of activated soil creates 
designed to operate at 10 MW with a fast 


no problem to GNL or off-site personnel, it was 
* Present Address: General Electric Co., Hanford necessary to maintain close observation of 
Atomic Products Operation, Richland, Washington radioactivity concentrations in the effluent river 


150 \ PROPORTIONAL 
Eighteen 
weekly 


tributaries within the plant boundary.“ 


water. 
collected 


samples are 


from the Etowah and two 


These 
sample sites Fig. 3 were established for 
background purposes above the reactor and at 
locations where acti 
below the 
continuous record of the radioactivity density in 


the 


ity concentrate 


might 


reactor. However, 


to provide a 
river it was necessary to collect a continuous 


propo! tional sample. 


SAMPLER CONSTRUCTION 
Several continuous water sample systems are listed 
in the literature. 


the 


\n electrically operated pump was 


installed on Columbia River by the 


General 


4 


Fic. | yn flu s. distance at 10 MW. 
Electri Oak Ridge National Labora- 


tory has L¢ al s that continuously 


White Oak Creek Dam.‘® 
Metered siphon samp have 


ystem 
sample the « 1c! at the 
been reported by 
several sources and are curr¢ 
Public Health Department in sampling the Etowah 


River below the plant 


It was the 


ntly used by the Georgia 


opinion of GNL personnel that a pro- 
portion il sample should be collected to give integrated 
results, thereby eliminating siphon-principle samplers. 


Phe 


Fig. 3 
\ 


locations chosen for continuous samplers 


in remote areas where no electri 


wert 


power 


CONTINUOUS RIVER 


AND STREAM WATER SAMPLER 


Fic. 2. Activation vs. distance from RER after 


21 hr at 10 MW. 


was available. 


Therefore a sampler had to be 
designed that would use the river as a source of 
power. 

The design consists of a 24-in. aluminum water 
wheel suspended from a floating platform secured to 
river bank by cables. The wheel turns a cam which 
operates a standard laboratory double acting rubber 
bulb. With this arrangement a sample can be taken 
from a depth of 3 ft below and pumped 3 ft above 
the surface of the water being sampled. The cam 
arrangement can be adjusted from ;'g ml per wheel 
revolution to 15 ml per The 


revolution. design 


Fic. 3. River sampling sites. 


Fic. 4. Continuous river water sampler. 


“y oy 
cy aaeeyery 


a She, 
a rT 
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includes a revolution counter used in the calculation 
of the total volume collected and in the determination 
of the One of the 
continuous water samplers is shown in operation in 
Fig. 4. 

In addition to the 
with these samplers, it is planned to include ion- 


fluctuation in river flow rate. 


present measurements made 
exchange columns so that much of the laboratory 


processing time may be eliminated. 


OPERATING EXPERIENCE 
Six continuous water samplers have been 


installed on-site to date. Several of these 


samplers have been operated for a period of 4 


months with a minimum of maintenance 
required. During this period temperatures have 
been as low as 6°F without the samplers freezing. 

The gross /—y concentrations in grab water 
samples have been compared to those in the 


continuous samples during the first 9 weeks in 


Comparison grab water to continuous 
water sampler. 


1960. 


continuous samples were consistently higher than 


Fig. 5 shows that the concentration in the 


the concentration in grab samples with the 
exceptions of the fourth and ninth weeks. During 
the fourth and ninth weeks excessive rains were 
experienced with an increase in run-off of 
irradiated soil. The grab samples were collected 
during the period of maximum run-off, thus 
more activity was present in these than in the 
integrated samples. Excluding these 2 weeks 
the average radioactivity concentration ratio of 
continuous to grab samples was 2.1 0.87. 

At the present time the sampler is proportional 
only to the linear flow of the river. However, 
with a river profile study and flow study at each 
sampler location and a river stage recorder, it 
will be possible also to determine total volume 


flow during each sampling period. 
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STATISTICAL TREATMENT OF ENVIRONMENTAL 
RADIO-ASSAY DATA 


GERALD W. KERR 
and Safety Engineering Unit, Health and Safety Section, 
Aircraft, Division of United Aircraft Corporation, 
t Operations—Canel, Middletown, Connecticut 


R T1l De ber 1958 


Abstract program for environmental monitoring is outlined in this paper. ‘The program 
bed ein applied to the CANEL site located at Middletown, Connecticut and 
U.S. Atomic Energy Commission by Pratt & Whitney Aircraft Division of 


poration. Information on sample locations, sampling methods and pro- 


cri 


ind analysis of data and interpretation of data is given. Samples of water, 
precipitation and fallout are collected and analyzed. 
1 new approach to environmental monitoring with respect to 

, determination of sampling frequency and analysis of data. 


A. INTRODUCTION pretation is made upon the basis of statistical 
luis report outlines the CANEL site monitoring analyses, meteorological data, facility oper- 
am as it is bei nducted at present. ations, and stack monitor data. Statistical 


rmati n background radia- analyses, however, give the first indication of 


tion present in the environment, both on and sisnificant increases in activity. 


off site, and methods for noting changes in }) To determine annual average concentra- 
environmental activity. ‘The program may be | tions of air and water activities for comparison 
expanded in uture or modified to meet with maximum permissible concentrations. 


changin n ynns. Larger facilities, more 
BE : ill be Cc. SAMPLING LOCATIONS 
adqaaitiona personne wl De 


out the program to its fullest The general site and surrounding area is divid- 
A = . . . . . .* ry 

extent, a large portion of it is under way at €d into circular sectors, as shown in Fig. 1. The 

circles are not equally spaced and, in fact, are at 


1, 4,1, 2, 3, 4, and 5 mile radii, respectively. 


i 


B. OBJECTIVES Each annulus is denoted by the first number; i.e. 


isic objectives for from | to 7, inner ring to outer ring respectively. 
ntal irve rran The sectors are denoted by a second number 
as follows: northerly, 1; westerly, 2; southerly, 
data which may be _ 3; and easterly, 4. The directions and bound- 
methods and provide a aries of the sectors were chosen by studying the 
re-operational dataand wind roses for the area and in consultation with 

CANEL. Weather Bureau personnel. 
maintaining From 15 March 1956 to 31 May 1958 the 
it of current data with all U.S. Weather Bureau conducted a _ micro- 
previous data or any portion of previous data meteorological study at the CANEL site. This 
to detect quickly trends or significant changes study is now being continued by Pratt & 
which might be due to operations conducted at Whitney Aircraft personnel and covers the 
CANEL. Statistical procedures alone are not general climatology and diffusion climatology 


the basis for interpretation of data. Inter- of the site. From a study of this data, it was 
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SAMPLING LOCALES 


Inner circle 


MIDDLETOWN 
7.2 6.2 


concluded that maximum ground level concen- 
trations are expected to occur within the area 


contained by the 5-mile radius. It is believed 


that samples gathered at great distances from 
CANEL would be of little value, as there are at 
installations within 50 


least four other nucleat 
miles of this site. 

It is not necessary for the annuli and/or the 
When 
analyzed and if, for example, it is found that 


sectors to be symmetrical. data are 
distance is an influencing factor, basic data can 
that is 
It is 


be examined and the annulus found 


showing a significant increase in activity. 


1.2 
1.3 
1.4 


imperative, however, that a sample be taken in 
each sector of each annulus in every sampling 
period. 

It would be 
point some findings of Weather Bureau person- 


pertinent to mention at this 
nel. In their preliminary smoke studies, it was 
noted that smoke was readily channeled up two 
ravines north of the site. The ravines follow the 
course of Mine Brook north of Middle Haddam 
and Great Hill Pond Brook which passes close 
to Cobalt. This channeling effect is noticeable 
The effect is 
also evident, but to a lesser extent, southward 


when a south wind is prevalent. 
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when a north 


Valley 


ils. A permanent monitoring station 


Connecticut 
the north ravines and 
outh of the site. Further 
o the « stablishment 


Although not an 


ardin 
vironmental survey 
stack effluents will 
release of excessive 
to the environment. 

D. SAMPLING FREQUENCY AND 

INCIDENTS 
As this 


proc esses, a Statem<¢ 


ection deals largely with statistical 


nt of terminology is neces- 


his section alpha («) and beta (f 
ae 


will be used to indicate types of 


and should not be confused 


6-radiation. 


mean of a sample 


mean of a group 


ol sample means; 


: _ 
y—_ best estimate of variance 


of a sample of size n; 


pooled estimate of variance for a group 
{ 


of samples each of size Ny, Ns 
each sample size; 
number of groups of samples; 
total number of samples; 
: degrees of freedom ofa preliminary sample 
set 
N, - 
degrees of freedom of a second sample set 


N,— 1; 


d.f. = 


fy = assumed number and in this case numeri- 


cally equal to x; 


ENVIRONMENTAL 


RADIO-ASSAY DATA 
#4 = true mean of a universe (a set of objects 
having a common observable character- 
istic 
quantity numerically equal to uw — fo; 
level of significance and is the chance of 
deciding that the hypothesis (such as 
{4 = Mg) is false when in fact the hypoth- 
esis is true; 
chance of deciding a hypothesis (such as 
{4 = fy) is true when in fact the hypoth- 
esis 1s false; 
1-6 power of a test. 
The «- and f-errors can be illustrated by the 
following scheme: 


The decision 


H: true | A: 


false 


Correct 


‘True state H: 
of nature Hi: 


true a“-error 


false p-error correct 
To determine the number of samples to be taken 
in a given period of time and obtain statistically 
valid results, it is necessary to use some data 
from past experience. 
Taking data from 1956 off-site silt samples 

which had homogeneity of variance 

Sp = 68.7 

% = 60 wuc/g 


N 


Assuming it is desirable to know when the value 


, 30 
100 wyc/g is reached, the problem is to find N, 
to test 

Hm: lu Mo 60 
- 0.05 
0.20 


with: 


] 0.80 
This means there is a chance 0.80 of rejecting 
H: u = wo = 60 if actually ~ = 100. Then: 
ft = Mo +a = 60 + (100 — 60) = 60 + 40 
and a = 40 


mn= 30 " 


Calculate: 


GERALD 


Entering the table shown in Fig. 2 for deter- 
mination of a second sample size, with the 
values of m 29, find 0.583 in column marked 
m = 29 (or interpolate) and it is found that 
d.f. = 20; thus N, = 21. 

If data from preliminary water samples has a 
variance compatible with that shown above and 
a mean less than 60 ywyc/l. (which is true for 
1956 data) and it is desired to detect 100 uwyc/l., 
which is the MPC of radioactive contaminants 
for use beyond the control area as stated in 
NBS Handbook 52, the NV 


the safe side as far as reliability in results. Any 


21 would be on 


increase in a above results in a decrease in N. 
It is desirable to make N = 24 for water, soil, 
vegetation and well water samples and N = 16 
for silt samples. The first-mentioned samples 
are collected twice monthly for 12 months and 


6.68 
2.70 
1.96 

.60 


9 
9 
9 
9 
9 


975 
.899 
B3E 

.790 


.750 


0.902 
0.831 
0.775 
0.731 
0.693 


0.701 


.669 
.608 


0.619 
} 0.563 
3 0.486 
8 4 0.435 
) 


0.49% 0.396 


0.342 
0.306 


0.730 
0.652 


Fic. 2. Determination of second sample size.* Values 


two-sided tests / 


W. 


0.865 
0.797 
0.743 


0.665 
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silt samples twice monthly for 8 months. Thus, 
these values of N provide for more efficient use 
of the time of the sampling technician. This 
method of determining sample size does not 
stipulate over what period of time the samples 
may be taken. The number of samples, N54, 
may be distributed over a period of time. The 


justification of | year as the period of time stems 


from the fact that the AEC allows air and water 
concentrations to be averaged over a period not 
greater than | year. This thinking was extrapo- 
lated from air and water to soil, vegetation 
The N = 24 does not hold 
good for vegetation samples if it is desired to 
detect a level of 100 wyc/g 


53 


and silt samples. 


as the activity in 
vegetation is considerably higher than that. 
There are no published values for an MPC in 
vegetation, as there can be no control of the 


CO 


5.79 
2.30 
.65 
.36 


18 


1.07 

0.979 
0.910 
0.854 
0.805 


.978 


925 


0.944 
0.893 
.840 | 0.811 
75 | 0.748 
22 | 0.697 
0.658 
.624 


0.732 
0.676 
0.631 
0.594 
0.563 


/ 
/ 


.681 


0.502 
0. 
0.3 
0.35. 
Us 


308 | 0.298 


.275 | 0.266 


0.27 
0.249 


0.292 | 
| 
0.261 x dee 
| 


of a/s, for 0.05 for one-sided tests, « = 0.10 for 


0.20. 


* Reproduced with permission from M. Harris, D. G. Horvitz, A. M. Moon, On the determination of sample 


sizes in designing experiments. J. Amer. Statist. Ass. 43, 391 


(1948). 
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vegetation. Also, the activity in AH: u u, = 60 and it is concluded that there 
luctuates with the season as stated is a significant increase in activity. For N = 16 
it is found: 


» computations of the powe1 100 6U 


Ss fol sample SIZES 68.7 \ 16 


78. Thus, for silt 
samples this means if the true yw is actually 100, 


This value gives a power of 0. 
there is a chance | p 0.78 of rejecting the 
AH: mu Ho 60, and it is concluded there is 
a significant increase in activity. The value of 
] } 0.7 


powel! of the test. In view of the fact that less 


100 when « 

compute the 8 is a somewhat low value for the 
emphasis is placed on silt samples than on water, 
soil and vegetation, it is considered that the 
value of | 6 = 0.78 is sufficient. 


In 


If an incident is known to occur, a complete 
in Fig. 3 on the horizon- set of samples are taken within 48 hr. These 
5 corresponds to a power samples are processed and analyzed as soon as 

ising the a curve. possible. A separate report is filed on the find- 
ue mw is actually 100 ings and the data is not made an integral part 
0.90 of rejecting the of the report of routine samples. 


Fic. 3. Statistical graph. Power functions for three tests of hypothesis: « = “#, in normal 
, X— fo , <a — — we 
distribution, o 0.05. Let z - ; (a) reject if z > 1.645; (b) reject if z << —1.645; 
a/4/ N 
c) reject if z 1.96 or if z 1.96. (Reproduced from Introduction to Statistical Analysis by 
W. Drxon and F. Massey, by courtesy of the McGraw-Hill Book Company, Inc. 
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E. SAMPLING 
Wate 


As determined above, water samples are taken 
twice monthly. These samples are taken in all annuli 


except 1 and 2. There are very few water sources in 


these annuli and no ponds. In all sectors of the re- 
maining annuli except 3.1 and 4.4 water samples are 
taken from ponds. 

The absence of water samples in annuli | and 2 is 
partially compensated for by a separate river sampling 
program and a sampling program for well water on 
the site. Procedures used in preparing samples are 
similar to those of several major laboratories and the 
activity determined by 


counting room personnel. 


Wells supplying drinking water for site pe rsonnel art 


sampled twice monthly. 


Soil 


Soil samples are collected twice montly in each 


sector of each annulus. Each sector of an annulus is 
divided into nine sub-sectors for purposes of random 
sampling. ‘These samples are taken from a surface 
of the 
surface. Soil sample preparation is accomplished by 


area of approximately | ft? and within | in. 


methods acc« pted at several other laboratories. 


Silt 


if 


The method of collection and proce dures for these 
samples are the same as for soil samples. However, 
two samples monthly are collected in all annuli except 
1 and 2 for the months of April to November inclusive. 
Silt samples are unavailable in the remaining months 


due to the presence of ice. 
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Ve getat ion 
Vegetation samples are obtained from each sector 
annulus twice monthly. 


of each Each sector of an 


annulus is divided into nine sub-sectors for purposes of 
random sampling. Collection of samples is limited to 
grass due to its ubiquitous nature. Also, results on one 
sper ies of plant are more signific ant than « omparisons 
of a variety of plants. 

Samples are collected from an area approximately 
1 ft. 


tices ar¢ 


Commonly accepted sample preparation prac- 


followe d. 


Air 


Daily air 
Volume 


addition, fr 


samples are taken with 


a Staplex Hi- 
air sampler at a central location on site. In 
quent air samples are taken at locations 

hese sampl S are 


CANEL site. 
] { 


days to allow for decay of 


both on and off the 
held for 


thoron daughters before 


radon and 


seven 


counting. 


F, TREATMENT AND ANALYSIS OF 
DATA 
Che counting room reports bear all necessary 
Che figures of 
the 


data for statistical computations. 


uuc/g or muuc/l. are entered on form in 


1, This table is the Master ‘able necessary 


Fig. 
for performing the three-way anlaysis of variance. 
One of these tables is necessary lor ea h « ategory, 
This method of 
shall 


suffice here to say that the method is extremely 


i.e. soil—g, water—«, etc. 


sf vil | 5. 


analysis is outlined by KeNnpDAtL. It 
sensitive, and a great deal of confidence may be 


placed in the results of it. 


South 


Distance 


+98] 


Fic. Master table 


* To obtain value in yyc/g or 1, multiply by 10-*. 


/ 


three-way analysis of variance. 


STATISTICAL TREATMENT OF ENVIRONMENTAL RADIO-ASSAY DATA 


ew comments may be made about the 


items of Fig. 4 and the manner in which they 


are entered. The table shown is merely an 


example and the numbers within this table are 
artificial. 
directions or distances which may be 
Data occurring as whole numbers are not 
found. 


enient to have 


dates, 

used. 
17 J : 

normally Fon computational purposes, 

whole numbers. If one 


7 as follows: 45.2¢ 


it is con’ 
has numbers appeari ». 36.8 


41.3, 35.4, 40.8..., the decimal is merely 


moved one place to the right and rounded off 


Moving of the 
The above numbers 
168, 413, 354, 408... 
to the left of the 
Che figures needed for further 


to the nearest whole number. 
decimal is noted in Fig. 4. 
would then appear as £53, 
These numbers are entered 
slash in Fig. 4. 
computations will be in the form of deviations 
from some mean. ‘This does not have to be a 
true mean but 
obtained by glancing at the data. The assumed 


Deviations from this 


may be an assumed mean 


* in the example was 50. 
assumed mean with plus or minus sign are 
entered to the right of the slash. One important 
fact which cannot be overlooked is that every 
box in Fig. 4 must be filled. 
the analysis is performed by standard three-way 
analysis of variance techniques. 

This 


machine computation and is at present being 


analysis can be readily adapted to 


performed on an IBM 704. 
The analysis of variance procedure is designed 
to detect significant changes. It is of secondary 


interest to separate contamination due _ to 


weapons testing from contamination due to 
CANEL operations. 

If the analysis of variance were to be per- 
formed after every 


involve a considerable amount of time. 


sample period, it would 
There- 
fore, the analysis will be performed at intervals 
of 3 months, 6 months, 9 months, and | year. 
After a l-year cycle has been completed, the 
shall be 


prey ious 


performed every 3 months 
data. ‘This 
becoming 


analysis 
12-months 
table 


unwieldy due to its extension past one year’s 


using the 


prevents the master from 


data. 
stated in Section B. 


This technique fulfills objective (1) as 


For well water and air samples, é-tests are 


used for comparison with MPC’s. This is done 


Chere is no limit to the number of 


The remainder of 


as follows. Hypothesis: Universe mean is not 
greater than a specific number when o? is not 
known (however, o* is estimated by S*). 


a) H: us MPC; 


b 


fo and po 


x — Uo , 
—=T5, to test the hypothesis; 
S/4 N ‘ 


j 


use t 


assuming that the universe has a normal 
then statistic has a 
distribution percentiles 


distribution, this 


t(N — | 


recorded in Fig. 5. 


with 
the critical region is t > t,_,; it is desired 
to reject the hypothesis only when ¢ is 
large, say larger than ¢,_,, which gives 
the chosen level of significance «; 
compute the value of ¢ and reject the 
hypothesis if the observed ¢ is greater 
than or equal to ¢,, or accept the 
hypothesis if the observed ¢ is less than 
— 
If it is desired to compare some portion of 
current data with similar portions of data for 
some past period, it is accomplished by use of 
another f¢-test as follows. Hypothesis: two 
populations have the same mean when o? is 
not known. 


(a) H: pw fly; assume o,” = o,” = o* but 
o? not known; 

(b) let « — 0.05: 

to test the hypothesis, use the following 


statistic: 


Sp \ ; 


where 5,” is the pooled mean-square 


estimate of o* computed by 


9 

$2 
If both populations have normal distribu- 
tions with the same mean and the same 
this statistic has the 
distribution with per- 


variance, then 
t(N, + N,—2 
centiles recorded in Fig. 5. 
The rejection region is ¢ 


2) and t > ty_ajo(N, 


Compute ¢ and reject or accept the 


hypothesis. 
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1 


Oo 


~/ 
-/ 
-/ 
/ 
~/ 


No GO 


2.24 
19.0125 


When the table is read from the foot, the tabled values are to be prefixed with a negative 
sign. Interpolation should be performed using the reciprocals of the degrees of freedom. 


[he values in the above table were computed from percentiles of the F distribution. 


Fic. 5. Values of t* 


* Reproduced from Introduction to Statistical Analysis. By W. Dixon and F. Massey, by 
courtesy of the McGraw-Hill Book Company, Inc. 


STATISTICAL TREATMENT OF 


MV 


objec tive 


contro har yn meal ranges will 


used. he question asked, ‘“‘why 
i 


control chart on both means and ranges? 


T'ake the numbers 20, 50, 80, 110 for example 
and find a mean of 65 which may be close toa 
from 20 to 110 


A mean u for some 


desired mean, but the range 


may be entirely too large. 


basic d: ynsist of as little as four 


ita which may < 


or five sampling periods can be established. 


Che charts c: be recomputed whenever 
xpected that the control limits 


[his 


rapid to give a 


desired, and 1 


] 1 
would narrow ‘ach time. 
comparison 1 ; to be very 
° - ] 
[his Ce ve 


method 


running analysis the data. 
accomplished by ine the of Drxon 


and Massey™), pl 


an example shown 


ained briefly here with 


Assume there 1 lati 12 months o1 


twenty-four samplin; Each sampling 
period there are twenty water samples, for 


example. Compute ; an for these 


samples. Compute a range & for each 


twenty samples and a mean range 


where R X 


sume there is data where u 


minimum, As- 
50 and R 18. 


maximum — X 


ENVIRONMENTAL 


method of 


RADIO-ASSAY DATA 

These are not unreasonable figures for water 
data although they are not actual figures. For 
this case N = 24 and Table | 
N 15. An extension of this table to higher 
values of N is not available at the present time, 
but V 15 is sufficient for this example. From 
the table it is readily seen that D;, Dy and A, 


are not decreasing rapidly at N = 15. 


is entered with 


oR 


> 


To compute control limits on mw, use 


and for this example is: 


50 0.22)(48 50 10.56 


39.4 to 60.6 


These are 3o limits and the chart is shown in 


Fig. 6. Thus, when a set of samples is taken, 
merely plot the ¥ on this chart. 

Next the limits for R are plotted. These 
Using R 48 and the 
following relation for limits one finds: 


D,Rto Dy Rwith N 15: 
to (1.64) (48 


limits will be at 2.5760. 


Thus, every time a set of samples are taken, the 


R is computed as A pa 


max min 


and plotted on 
the range chart shown in Fig. 7. 

The control charts are computed for a maxi- 
mum of | year’s data. Previous to that, they 
are computed at the end of 3, 6, 9 months, 
respet tively. 


Fic. 6. x-Chart. 
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be re-examined 


factor, the basic data can then 
to localize which direction o1 directions are 
responsible. If, at the same time, it is found 
that distance is an influencing factor, the basic 


data could be examined to find which distance 


or annulus is responsible. Ifthe above conditions 
were true, it follows that a first-order interaction 
of direction and distance would be significant. 
Thus, the analysis of variance technique is very 


specific in telling the effect of the three variables. 


The above tec hniques apply to soil, silt, wate 
and vegetation samples. Precipitation samples 


may be analyzed by analysis of variance 


techniques, but it cannot be a three-way analy- 


sis. ‘These samples will be analyzed using wind 
direction and time as variables of classification, 
but they must be used separately using one 
variable at a time. 


Well-water samples are treated more simply. 


Chey are not classified by date, direction and 


Apr 


distance. A straight comparison of current 
Fic. 7. Range chart. samples with base data is made using the second 
t-test as described in Section F. A comparison 


The fulfillment of objective (3) is a simple of yearly average concentrations with the MPC 
procedure. Annual averages of air and water of 100 wuc/l. is made. using the first ¢-test 
concentrations are computed and statistically described in Section F. Air samples and othe1 
compared with MPCs. water samples may be treated similarly as 


well-water si les. Comparison of annual 
G. INTERPRETATION OF DATA ine igsellinnes sar ate one yeu 
average concentrations with MPC’s are made 


Whenever a sample or set of samples shows Information which is helpful in | 


a significant increase in activity, it will be < . . ; 
' . y, it will be a significant increases in activity is the result of 


matter of concern for that one sample or set of pee = 
analysis of variance techniques, meteorological 


samples. ‘Two occasions of significant increase “y: 
— ? aie. ‘ data and studies of facility operations for the 


in activity may or may not be treated alike. : : 
Eacl F i period of time concerned. 
4acn event ay prese own peculiar aspects. . 
Tl Se ee The use of control charts on means and 
1erelore, i any cases, set patte p . 

. ses, no set pattern may ranges is extremely valuable in quickly detect- 


be established for the investigation of the results. | ae ae. ’ 
ine trends ot activity increase or ol increases 1n 


one sampling period. For example, if it is found 


in a set of twenty-eight san : adings rang- 


The analysis of variance procedure mentioned 


in Section F is an extremely sensitive method 


( ¥ ‘ is. sing > e ark *S : assifi- , { 
»f analysi Using the three variables of classifi ne from 10 t 100 and an £ of 50. nothin 


of} . lire : ' A . ; 
cation, 1.€. dure , ast e€ al ate, ( ; 
ition, 1 lirection listan¢ ind dat th would be noted on the chart. but lack of 


: ee ane 5 i : ; 
following effects can be found: control would be indicated on the A-chart. 


Direction effect. (his would be cause for an investigation r at 
Distance effect. least confirmation of the sample. he alternate 
Date effect situation might exist if samples are found 
Direction—distance eflect. ranging from 55 to 65 with R 10 but ‘fej 
Direction—date effect. Nothing would be noted on the R-chart, 
Distance—date effect. significant increase would be indicated or 
Direction—distance—date « 


} 


found that direction is an influencing Actually, the values whi fall below the R 


LTISTIC 


\l 


TREATMENT OF ENVIRONMENTAL RADIO-ASSAY DATA 


s are of little significance 


tri 
tru 


LI¢ 


ment trouble or some 


above the R and lu 


opnifncance. 


| 


on a graph showing 
Chis data is correlated 


Russian tests, 


, it may be possible 
cients between, for 

t specific loca- 
random within 

is merely anticipa- 

it some attempt to do 
correlation coefficient 
uid ‘n be possible 


or water samples. 


Statistical procedures alone are not the basis for 


interpretation of data. Interpretation is made 
upon the basis of statistical analyses, meteoro- 
logical data, facility operations and _ stack 
monitor data. Statistical analyses, however, 
give the first indication of significant increase 


in activity. 
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Abstract—White Leghorn cockerels were given levels of wholk 
lhe irradiation was given at 160 kV, 10 mA, and 


body X-irradiation ranging 


from 50 to 500 r at 6, 12 and 18 weeks of age. 


with a target distance of 20 in. Half a millimeter of copper and 1 mm of aluminum were used 
I 
ly 16 r/min. 


to filter the rays which were delivered to the target at a rate of approximately 
>, 8 and 18 days after irradiation and were used to determine 


Blood samples were taken at 1, 
Irradiated 


total red cell count, total white cell count, hemoglobin and white cell differentials. 
birds not used for blood counts and hemoglobin determinations were sacrificed at 1, 3 and 5 


weeks after irradiation in order to study the effects of irradiation upon certain tissues. 


All of the blood data indicate that in general the cockerel reacts to X-irradiation in a m 
The large number of basophils in the peripheral blood make t 


inner 
| 
rie 
1 


similar to other animals. 
animal an excellent subject for a study of the effect of irradiation on this particular cellular 


element. 
Tissue damage was found to be similar to that reported for other 


damage was manifested in the seminiferous tubules of the testes as follows: 
among the cells comprising the tubular walls; (2) a decrease in the number of spe 
the presence ol 


to Sertoli cells; (3) sperm oriented in an abnormal manner; 


and (5) a massive sloughing of cells in the tubules 


1. INTRODUCTION been reported by ACOBSON et al.‘® 


workers stated that the most sensitive 


[hese 
THERE has been a great deal of interest in the indicator 
effect of X-irradiation on the blood and othe1 
inimals. The literature prior to 1939 recognized by a study of the peripheral blood 
MuLuican™) was a reduction in the number of lymphocytes. 

11) 


in dogs, repeated small doses of Other workers‘ have reported similar re- 


of radiation effects in any animal that could be 
tissues of < 
has been reviewed by Bicnomr"). 
hat. 1 


reported it, 

roentgen rays caused a depression of the total sults for various types of animals. A slight 
depression was noted in the and 

hemoglobin content of the perip i 

dogs subjected to 500r whole-body X-ray 


1 
by other workers.“—® A lymphopenia following treatment.“ Lucas and Dentncron"?? studied 


whole body X-irradiation of mice was noted by the effect of whole-body X-irrad 
DouGHERTY and Wuire'”). [hese workers _ peripheral blood of White Leghorn 


he X-rays exerted both a direct reported a severe de 


leucocyte count and an occasional eosinophilia, 


resulting in a moderate anemia in the periph- 


eral 


eral blood. Similar results have been reported 


le 


suggested that t 
and an indirect effect on the lympho ytes. The elements. 


effect of X-rays on the lymphocytes has also re among 


X-rays on 


rtea an 


SOTRANGI 


( VV no 
STOW ME 


inhibition f the onset nitoti livision. 
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EFFECT OF WHOLE BODY X-IRRADIATION ON THE BLOOD 


CHI 
levels of whol body 


the pancreas of « hicks Table 1. Effect of age and variou 
iction along with a radiation on post-irradiation mortality of White Leghorn 
cockerels 


Other 


process. 
mortality 


X-ray Number : 
30 days 


of birds . 
alter 


this destructive 
Che cells most \ge 


cells 
! ere re pol ted to be the when dosage 
onadal cells and epithelial cells. irradiated in r units irradiated. mah 

tote a x irradiation 
er of workers *8) have studied 


X-irradiation o1 


to the testes. It 


the 6 weeks 


i] 
ng upon tne 

eatment, the following 
veneration of 


ition of the seminal 


ae 


f{ abnormal giant 


idertaken to study 


le-bod\ Xx irradia- 
and to determine if 


irradiation In a 


! 
perimental animals 


METHODS 
cockerels were given 
1? or 18 weeks of age 
were irradiated 
Quadro ( ondex Deep 11.2 
49.9 


rradiation was given at 


nimals 


of 20 in 


target distance 


1d 1 mm of aluminum 
* 


delivered to 


[wo treatments of 50 r each given | week apart. 


ys which were 
approximately 16 r/min as 

Each bird cell counts, blood smears and hemoglobin determina- 
the body 


half of the 


dosimeter. 
tions were taken. 


Hemoglobin was determined by the direct photo- 
in which the blood 


on one side of 


the othe 
Birds were constrained metric method (HAwkK ef 
was diluted in a weak alkaline solution and hemo- 
by colorimetric measurement. 


counts 


,}(29) 


vent movement. 
globin determined 


ylood ve different [The red cell and white cell 
1 according to the method of Natr and HERRICK 
red cell pipette was used in 


were used tor 
1 to 100) and cell counts were 


numbers \ 
making the dilution 

}, 8 and 18 days made with a Spencer “Bright-Line’’ hemocytometer 

1 and were counted in the normal manner of counting 

Where there did 


rroup which was treated 


were made 


| iora study 
(30) 


were used 


zroup 


lrenner automatic 


re sufficient 


both erythrocytes and leucocytes. 


veeK apart the samples were 
irradiation Che blood not appear to be a normal dispersion of the cells, 
turing the median duplicate counts were made. 

Che blood smears were stained with Wright’s stain, 


| 


imeroradial 


pune 


articulation 
and the percentage of each of the different types of 
found that the 


acid to each 250 ml of 


hypodermic needle. 
from the vein was leucocytes was obtained. It was 
addition of 1 minim of acetic 


sample S lor 


R. L. ATKINSON, J. 


the diluted stain would give much better staining 
qualities. To determine the differential percentage 
of the leucocytes, 200 leucocytes were counted and 
the percentage of each cell type determined. Che 
absolute value was obtained by multiplying the 
percentage of each cell type by the total leucocyte 
count. 


bloc cd 


hemoglobin determinations were sacrificed at 


counts and 
oo 


were 


Irradiated birds not used for 


and 5 weeks after irradiation. The _ birds 


as quickly as possible and tissue samples 


opened 
taken. 

The testes samples were fixed in Bouin—Allen 
fixative, dehydrated and cleared in alcohol and cedar 
wood oil, imbedded in tissuemat, sectioned at 5 ll 
and stained with Heidenhain’s iron hematoxylin. 
Samples of spleen, thyroid and pancreas were fixed 


Allen 


[he same procedure for dehydrating, 


in both Bouin fixative and neutral formalin 
10 per cent 
clearing, imbedding and sectioning was followed as 
described for the testes samples. The spleen and 
thyroid sections were stained with Weigert’s hema- 
toxylin—eosin, while the pancreas sections were stained 
hematoxylin—eosin. Che pituitaries 


Zenker 


cleared, 


with Harris’s 


were fixed in formol solution and were 


dehydrated, imbedded and sectioned as 


the other tissues. The 
the Mallory 


This is a modification of the Mallory triple stain in 


described above for pituitary 


sections were stained by \zan method. 
which azo-carmine is substituted for stain 1 of the 
Mallory triple stain. In this technique the connective 
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The two 


Red 


tissue stains blue as well as the few /-cells. 


types of x-cells stain a deep red or an orange. 


blood cells stain a deep red. 


3. RESULTS AND DISCUSSION 


y - ; °.2 YL ’ 
ect of irradiation on the peripher il blood 
The lympho lé 


extreme 


The lymphocytes showed 


with considerable deviation 
Table 2 Che 
decrease was observed in birds irradiated with 
500 r. 


damage 


from the normal createst 


a whole-body dosage of Che period in 
which the lowest number of lymphocytes was 
observed was found to be during the first day 
following irradiation. ‘This was generally true 
for all age groups and for all levels of irradiation. 
From this low level there seemed to be a gradual 


The 


rate ol recovery appeared to be related to age 


recovery phase for all treatment groups. 


more 
that 


with the younger birds recovering at a 


Lhese 


reported by other workers‘ 


results are similar to 


i—12) 


rapid rate 
for other ani- 
that in 


9) 


mals with the exception ot one report*’ 


guinea-pigs the lowest level occurred around the 


ninth day after irradiation. 
The heterophilic count. X-irradiation caused a 
slight increase in the heterophilic count (‘Table 


This 


}) during the first day following treatment. 


f roentgen-ra 


Number of cells in each cubic 


\ge at 


irradiation 


Days afte 
irradiation ~ 
y() 
8805 
8141 


9880 


6 weeks 


Qo 


Qo »g 
OOIOL 


2 weeks 
11.005 
10,991 


10,836 


11,558 
10,148 
7819 


oO oO 
re) Te) 


7405 


10.890 


9819 


9412 


millimeter of blood 


200 1 S00 x 500 r Control 
14,548 
11,424 
16,426 
9095 13,910 
718! 597 9030 
988 1 142 2640 
7018 5416 


9840 8369 8577 


7 1? 456 


11,946 
13,606 


10.098 


14,410 

, 13,151 

148? y ds 15,569 
15 


980 


1443 


2195 


54.95 


8060 


WHOLE BODY X-IRRADIATION ON THE BLOOD 


iat related 


ol Dlood 


Control 


5788 
$163 
551 
2086 

6163 

2050 

19 


1308 


cytic count. The general effect was to cause a 
severe depression, particularly at the higher 
dosage levels. at about the eighth day after 
irradiation followed by a gradual return to the 
normal level. This return to normal was some- 
what faster than that observed for the lympho- 
Other workers‘*:*!*) have reported 

hich are quite similar. 
ults indicated that the 
basophils were extremely sensitive to destruction 
Birds irradiated at 6 weeks of age 
le a very fast recovery, being essentially 
normal by the eighteenth day following treat- 
ment. A rather slow recovery was noted in 


birds irradiated at 12 or 18 weeks of age, 


particularly at the higher dosage levels (‘Table 


lay severe drop was noted in birds 
the normal riven vhole body X-irradiation. This 
1 to lrop wa om the normal (500-600) to zero. 
ndred cells were counted to determine 

{ferential percentage in each case where 

sophils were found. In general, the 

hase started about the eighth day 

ion, and as in the lymphocytic and 

ounts the rate of recovery was 

1 the age of the birds and the 

radiation dose but was much slower 

at noted for the lymphocytes and mono- 


[he cockerel appears to be a very good 
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Age at Days after 


irradiation | irradiation 


119] 
147 


1008 


8) weeks 


1N2a2e 
L066 


1460 
1058 


14] 


\ge at 


irradiation 


b weeks 


) 1 
4 WeeKS 


18 weeks 


animal in which to study the basophil 


the large number of 


yeripheral blood. he res 
I | 


)) 


those reported‘ {or the 


identical to (12) 


those reporte 


Leghorn female. 


fy} 


lic count. ‘The eosinophilic pattern 
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ibic millimete 


initial stimulatory 


X-irradiation. 


stimulatory efle t hr 


Table 6 
effect folloy 
This initial was 
followed by a sharp reduction (to zero in case 


of the 5001 The eosinophilic count 
had returned to ni , in birds irradiated at 
2 tne 
eighteenth da 


after 


Ol 


WHOLE 


Number of cells in each cubi 


0 r* 


14,700 
1?.400 
13.000 


12.800 


eoun in the 
rradiated at 
-Irradiation 


nulation (at 


followed by a 


100 1 


ch ( ube 


1001 


13,500 
1?.900 
1? 800 


1? 600 


1?.600 


16.400 


vorkers 


stimulatory 


The 
count 


lymph 
i 


BODY X-IRRADIATION 


IOO 1 


200 1 


7800 
9800 
10.800 


1? 600 


GOO) 
10.500 
8900 


13.000 


9 12 


( €u 


lable 


who 


ON THE 


00 1 


210 


140 


00 r 


7000 
7750 
6800 


12.900 


8600 
7500 
6800 


2,200 
6300 
5600 


8300 


10.900 


failed 


} } 
uy 


resembles 


BLOOD 


millimeter of blood 


500 I 


546 
bb 


millimeter of blood 


500 1 


L700 
6000 
5300 
15,100 


7900 
6875 
2000 


9300 


7100 
1200 
2900 


7900 


to note 


Control 


Control 


21,375 
16,800 


oQ7 
£,0/)9 


400 


any initial 


effect following irradiation. 
Che total 
that 


leucocyte 


seen for the 


yte, since the lymphocytes make up 


approximately, 


cvtes 


first day 


alte 


70 per 


cent ol 


the 
There was a definite drop in number the 


total leuco- 


treatment, which was the lowest 
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Number of cells in each cubic millimeter of blood* 
\ge at Days after 


irradiation irradiation : ; ' ; 
Orr L100 1 200 1 900 1 mntrol 


6 weeks ‘ . ‘ ?.68 
2 90 


ssed in millions 


nts of 50 r eac 


point with regard to birds irradiated at 6 weeks have been found which indicate the need for 


of age. The lowest point was noted 8 days afte: nore information concerning the reliability of 
irradiation in the older birds, partic ularly those changes in the peripheral blood as a measure of 
given 500r whole-body X-irradiation. The irradiation damage. ‘These data also indicate 
recovery phase began on approximately the that the cellular elements of the blood of the 
eighth day after treatment. The rate of re-  cockerel are sensitive to X-irradiation which 
covery, in general, decreased with increased age makes this animal an excellent subject for study 
and with the irradiation level. These data, in of the irradiation effects on the cellular elements 


general, are similar to those re ported by othe of the pr ripheral blood. 


workers'4-") for other animals in which this 
initial drop and gradual recovery to the normal 
level have been noted and ic that reported‘ 

for the White Leghhorn female. The thy and. ‘There wi: no cellular 


Erythrocyte cou 


some evidence l'a 


ind hemoslobin | 3 re Wi amage observed which coul ve attributed to 


bles 8 and for iol irradiation by X-rays. 


stimulatory efl on the erythrocyte count and The pancreas. ‘Vhere was n ilar damage 


hemoglobin level, followed by a return to bserved which could attril l to X- 


normal. Age appeared to be a factor ll irradiation hese results ai imilar to those 


I 
¥: | ; S2 1 ‘ | ) 
dosage level since these irradiation effects w reported by Bloom”), 


noted primarily in the _ highe 200—500 1 T ty : ar damage was ob- 


dosage level i irds either 12 or 18 weeks 
of age. ata are in conflict with those 
reported by row 1 who indicated 


1 


a slight depression in both the erythrocyte count aining vacuoles character 


and hemoglobin level following irradiation Ils y noted in cocke 
All of the blood data indicate that in general 
the cockerel reacts to X-irradiation in a manne1 


similar to ‘r animals, but that diflerences 


HOLE BODY X-IRRADIATION ON THE BLOOD 


rlobin in eac! cm 


ol blood 


ymphocytes composing the white pulp were 

lled or severely damaged. A dose of 100r 
sed a greater amount of damage than that 

n in the 50-r group and the process of recovery 
progressed as far as that seen in the 


the end of the fifth week following 

universal infiltration of the red 

tes in the 200, 300 and 500 r 

rardless of the age at which 

rd An increase in the 
heterophils occurred during the fifth week after 
irradiation in birds irradiated at either 6 or 12 
f age which was greater for the 12-week- 

\ similar increase was noted for 
irradiated at 18 weeks of age but this 

2 weeks earlier. Not only did this 

sed number of heterophils occul during 
| week but the increase far exceeded that 
iven the same amount of 


younger birds ¢ 


irradiation. More lymphocytes were killed or 


i 


lamaged in these irradiation groups than were 
lower irradiation dosages. In some 

dules, reticular elements were the only 

1ents remaining the first week after 

Although recovery was evident 

: fifth week after treatment, it had not 


progressed as far in the 18-week-old birds as it 
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had in the 12-week-old individuals. The 12- At the higher treatment levels the seminif- 


week-old birds, in turn, had recovered less than erous tul 18-week-old birds presented a 


those irradiated at 6 weeks of age. somewhat dif icture. ll membranes 
These data indicate that the spleen of the seeme lj 
chicken is affected by X-rays in a mannet quite syncytial material filled the 


gi ; ; : é' 
similar to other animals when comparison is This syncytial material became necrotic and was 


| 1 
{ 


made with the work of MurrAy?), followed by the 
The testes. The effects ol whole-body X- process. Recovery 


irradiation on the testes of young cockerels complet 
Tables 10, 11 and 12), as judged by histological appeared 
appearance, was most evident the third week _ irradiated 


after irradiation. Irradiation damage w:z These re 


manifested in the seminiferous tubules in sever: reported 


ways: |) sperm scattered among the cells with som« 


composing the walls of the tubules, (2) adecrease be attributed to the type a1 
in the number of sperm attached to the Sertoli conditions under which the 


] 


cells, (3) sperm oriented in an abnormal manner, 


} the presence ol cell necrosis. 4. SUMMARY 
massive sloughing of the cells in the tubul l here was a decrease i 
The amount of observable damage w unt in the peripheral bk 


occurred depended upon: (1 te tity vhole-bod irradiation. ‘Vhe lowest lympho- 


] 


irradiation, the first 


irradiation, and he stage of spermat« 


present at the time of irradiation. 


Spermatogonia were the most sensitive 
sperm the most resistant germ cells to irradiation. 


the interstitial cells of Levydi: incre: In Ie heterophill 


Sertoli cells and 
were also very resistant to irradiation. 1€ al blood of X-irradiated « 

spermato ronial cells were severely damaged I . 7 { ay foll wine exposure. 

killed } | liot; hy > ndary . ato. , ’ [On 1 t] vec hy ienane : ae 4 
lied Dy irradiation, Dut secondary spermat liat n was ik ipya treme daepres- 
cytes and later stages continued their develop- sion about the eighth day after irradiation 


ment to form sperm unless the dosage was of lowed by a gradual return 
sufficient strength ause massive 


mono- 


Because the primitive ; 
there was an Interval of time in wl y vt ou as found to be qui imilar to that 


irradiatio1 


icl 

the seminiferous ; ceneral 

completely depleted « *! ] l fT Was ( ause l rc > de] - MT). 7 rticu- 
Multinuclear giant 
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reduction was followed by a very slow recovery 


rate, particularly in the older birds. 
6) The total leucocyte count resembled that 


noted for the lymphocytes. There was an 


immediate drop in the total leucocyte count, 


followed by a 


normal level. 


"ar 
gradual recovery toward the 


7) There was an indication of a 


} 


stimulatory effect on the erythrocyte count and 


hemoglobin level al ne highe irradiation 


dosages (200—500 r), followed by a rather rapid 


return to the normal level. 

8) There was no damage to the 
thyroid gland whicl attributed to 
irradiation. 


9) There was no cell damage observed 


in the pancreas which could be attributed to 
X-irradiation. 
] 


10) No cellular damage was observed in the 
pituitary which could be attribute 


I 


to irradiation. 


anterio! 


directly However, (- (basophil 


cells containing small vacuoles characteristic 


castrate cells were noted in the pituitaries 


cockerels irradiated twelve and eighteen 


weeks of age wit! 00 and 5001 


1 ZUU, 


1] ‘| he exposure of coc kerels to whole body 


X-irradiation caused an increase in the numbers 
of erythrocytes in the red pulp of the spleen, 
of the bird o1 


regardless of the age the dosage 


level used. 
Heterophils were noted in the red pulp during 
the third and fifth weeks afte: 


seemed to be related to age and dosage 


treatment, and 
level 
with larger numbers being found in the olde 
birds given higher doses of X-rays. 


Che 


irradiation and 


sensitive to 


the 


lymphocytes were very 


, a ; 
were least in evidence in 
week after 


The process of recovery from the lymphocyto- 


spleen during the first irradiation. 


penia was evident during the third week afte1 


treatment but recovery rate appeared to be 


related to age and dosage level with recovery 


being fastest in the younger birds. At the highe: 


dosage levels }OO—500 1 reticular elements 


were the only cellular elements remaining the 
first week after irradiation. 

(12) ‘The effects of whole-body X-irradiation 
on the testes of young cockerels, as judged by 
histological appearance, was most evident the 


third week after treatment. Irradiation damage 
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was manifested in the seminiferous tubules as 
the 


tubules, 


cells 


Zz) a 


follows: |) sperm scattered among 


composing the walls of the 


decrease in the number of sperm attached to the 


Sertoli cells, (3) sperm oriented in an abnormal 


manner, (4) the presence of cell necrosis, and 
sloughing of cells in the tubules. 


a massive 
he observable 
| 


occurred depended upon. 1 
I 


amount of damage which 
the quantity of 


) 


irradiation, the age of the bird at the time of 


irradiation, and ) the stage of spermatogenesis 


present in the seminiferous tubules at the time 


of irradiation. 

Spermatogonia were the most sensitive and 
sperm the most resistant germ cells to irradiation. 
Sertoli cells and the interstitial cells 


of Leydig 
were also very resistant to irradiation. 


The 
] 


ly damaged or 


spermatogonial cells were 
killed 


stages 


ever 


but secondary spermatocytes and later 


continued their development to form 


sperm unless the dosage was of sufficient strength 


to cause massive sloughing or necrosis. Because 


the primitive germ I] vere sensitive to 


irradiation there was an interval of time in which 


the seminiferous tubules were, in many cases, 


completely depleted of germ cells. 
Multinucleat cells 
lumina of the tubules of birds irradiated at 12 


wet ks of age. | hese ce Ils appeared to be « aused 


giant appeared in the 


by a fusion of spermatids which then became 
The Sertoli cell 


cytoplasm with its associated and fused sperma- 


associated with the Sertoli cell. 


tids then separated from the remainder of the 
Sertoli cell and was observed in the lumina of 
the seminiferous tubules. 
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Abstract—Yttrium chelate excretion studies have been conducted in this laborator 
by the interest in the removal of fission products from man. Since diethylenetrian 
acetic acid (DTPA) has a high affinity for yttrium and is almost quantitatively exc: 
24 hr, the effectiveness of DTPA in removing yttrium from the body was studied i 
patients. Yttrium was injected intravenously as the nitrilotriacetate (Y°°-NTA 


\ 


\ 


chelate, and 24 hr later, 500 mg DTPA was infused daily on four suc¢ e days. Tl 
| 


excretion was then compared with the results obtained w 1 equivalent amounts of EDTA 


The effectiveness of 2 ¢ of either chelate was also studied. ‘Tl infusions of 500 mg DTPA 


increased the yttrium excretion from four to eight times over the base line excretion. DTPA 


was more effective than EDTA and 


a fourfold increase of either cl te d t result in a 
} " = ] he + } . 
appreciably higher excretion of the metal chelate than was achie¢ 


In studies carried out in two patients, doses of 100 mg DT Ps 


\ wert 
than 500 mg of this chelating agent. Similar studies of 

DTPA is also more effective than EDTA in removing this rare 
significance ol these decontamination stud 


removal will be discussed. 


1¢ ana 


2 of the metal by body competito! 


INTRODUCTION bindu 


In view of the increasing use of nuclear energy In the search for agents which may be effective 
in industry and medicine, contamination of the in removing yttrium from the body, chelating 
human body by radioisotopes may be one of the agents of the polyamino acid type have been 
newer occupational hazards. ‘The development _ selected for stud since the 


of methods of decontamination, have, therefore, affinity for yttrium and 
received increasing attention in recent years. excretion of these chelating 
Studies on the modification of tissue distribution be high. When diethylenetrian 


and excretion of radioactive rare earth fission acid (DTPA) wi 


products administered in ionic and chelated form — yttrium chel: 


have been carried out in this laboratory. excretion of 
A very wide ange of excretion for diflerent per cent 1 
chelates was noted extending from minimal to compound 
almost quantitative excretions. The observation inves 

was made tha > magnitude of excretion of the ventionally use 
radioactive il “al correlates vith the aminetetraaceti 
1 


stability ns 1 f the rare earth chelate. vere recel 


In vitro studie ave shown a correlation between ‘these studies form the 

the stabilit onstant of a metal chelate and its 

filterability he ultrafiltration of strong metal MATERIALS AND METHODS 
chelates idicated _ prefer« ntial ble 1 lists ‘ itien nd tl 
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the urinary excretion of Y%® was again determined 
for a total of 5 days. Similarly, 586 mg of Na-DTPA 
molar equivalent amount of the infused Na-EDTA 
were infused on four successive days starting 24 hr 
following the injection of the third tracer dose of 
Y"N'TA. In order to study the effectiveness of 
different amounts of EDTA and of DTPA on the 
g of each of these chelates were 


infused on four successive days starting 24 hr following 


removal of yttrium, 2 


ravenous injection of the fourth and fifth tracer, 


respectively. The effectiveness of much smaller 
amounts of either chelate 100 mg Ca-DTPA or 


Ca-EDTA, respectively, was also tested in two 


a similar manner (patients 1 and 2). The 


Lal4?® by DIPA and EDTA was studied 


8 and 9. as excretions of tracer 


ETT Y 


doses of La!® given as the chloride were determined 


in 5 days. Infusions of 500 mg GCa-EDTA, and Ca- 
DTPA, respect y, were given for 2 days each 


140C],. 


starting injection of L: 


Solutions 


Lanthanum and yttrium solutions were | 


prepared 


by dissolving t espective rare earth oxide in dilute 
HCl and labeling ultant YCl, with Y%®* and 
LaCl., with La Y*NTA ws 


combining \ |. with nitrilotriacetic acid in a m« 


ratio of 1:1.2 1 he chelate. ‘The 


doses of the radioacti ire earths contained 
stable yttrium or 1.5 mg 
tively. The 
dissolving the appropriate 

DTPA in dilute NaOH to 


Calcium disodium 


stable lanthanum, respec- 


solutions were prepared by 


amounts of EDTA and 


the sodium salt 


form 
salts vere prepared by 
i 


calcium chloride to the chelating 


agent In a 


molar ratio. All solutions were mad 


up in normal 


saline and adjusted with dilute NaOH to 


pH 7 
The infusion solutions were prepared by adding 
required amounts of the respective che 


of 5 per cent glucose in water. 


Counting met} 
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into the patient was p. 


same volume of the inje 


pared by rawing ip the 
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amounts of each chelate was used, Na-DTPA 
proved more efficient than Na-EDTA. 

increase ol Fig. 
the patients four infusions 
containing 100 mg, 500 mg and 2000 mg DTPA, 


respec tively. 


er cent, 
1e period of 
2 shows the comparative Y*® excretion of 
id 16.6 per two following 
| he 
of eithen In each of the two patients when 
100 mg DTPA was infused, the Y%® excretion 


equimolat increased approximately tenfold as compared to 
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heure 
were not 
Fic. 3 shows the La excretions of two 
patients following two infusions each of 500 mg 
EDTA and of equimolar amounts of DTPA. 
The La! excretion increased approximately 
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administration of DTPA resulted in 


three times when was infused. ‘The 
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tenfold enhancement of the La!?° excretion. 
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The therefore, be 
available for removal in this period of time. 
mechanism of the uptake of 
ed.“1) The 


rare earth isotope may, 
Studies on the 


yttrium by bone have been report 
studies reported here have shown that effective 
decontamination can be accomplished in this 


Whether 


it is deposited in bone will have to be determined 


phase. yttrium can be removed afte 
‘Tissue distribution 


Y®*NTA in 


‘veal that most of the yttrium is concentrated in 


in subsequent experiments. 


studies carried out with mice 


liver and spleen 24 hr after the injection of the 
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a-D'TPA infusions. 


La!4°C], was injected 24 hr prior to the infusions. 


DISCUSSION 
The results indicate that chelating agents are 
effective in removing rare earth isotopes from 
the body. If a 24 hi 
after the injection of the rare earth isotope, up 


chelate is administered 
to 40 per cent of yttrium and up to 12 per cent 
of lanthanum remaining in the body can be re- 
moved. Presumably the major part of the iso- 
blood, the 
fluid and soft tissue at this time. 


SNYDER el al.‘ that 
fact 


tope is present in the circulating 
extracellular 
have demonstrated rare 


earths localize in the liver and in cause 
fatty Similar 
made in this laboratory several years ago. 


HuUNDESHAGEN"”) 


infiltration. observations were 


GRAUL and recently re- 
ported studies of yttrium distribution in guinea- 
pigs, and state that yttrium-90 administered as 
the chloride is not deposited in bone in the first 


oO 


8 days after the administration of the isotope. 


2 DTPA was 


studies of the 


radioisotope shown to be 


effective in removal of radio- 


yttrium from mice and the administration of 
this chelate again resulted it 


Y*® than EDTA 


FRIED et al,“*) 


ereater removal of 


have shown that the excretion 
be enhanced by the 
DTPA and BAETA, 


ethei tetra-aceticacid. ‘J hese 


of plutonium in rats can 
chelating agents EDTA, 
bis (2-aminoethy] 
investigators were able to promote an increase of 
plutonium excretion even 22 days after its 
administration which indicates that it is possible 
to remove this metal from bone due to the high 


stability constant of this chelating agent with 


plutonium. 

Rare earths have been known to combine with 
nucleic acids, and therefore removal of the 
isotope might involve breaking the metal nucleat 
protein bonds. Jn vitro studies carried out in this 


laboratory indicate that the yttrium chelate bond 
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measured in a vibrating reed electrometer and radium 
content of the original sample was calculated in the 
usual way. A sub-dilution of the dummy injection 
was similarly analyzed omitting the digestion step. 
Che fecal samples were dry ashed at 600°C, further 
digested with concentrated nitric acid, and the salt 
was taken up in 200 ml of 0.5 N hydrochloric acid. 
an insoluble residue remained, it was filtered out 

1 saved. ‘The filtrate was then processed and the 
ization current measured as described above. 
he residue and filter paper were transferred to a 
13-mm by 100-mm ignition tube and ashed. Close- 
fitting glass plungers were inserted into thi tubes so 
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was sealed in place with wax, and the tube set aside 
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A simple method of urinalysis, sensitive enough to detect 0.007 dis/min plutonium 


in 250 ml of urine, is described. In this method, anion exchange is used to separate plutonium 


from other inorganic ions remaining after evaporation and oxidation of the urine. ‘The quan- 


tity of plutonium is then determined by counting «-tracks in an autoradiograph of the metal disk 


upon which the plutonium has been electrodeposited. 


INTRODUCTION 
THE initial plutonium urinalysis procedure used 
at the Savannah River Plant was adopted in the 
latter 1952 in 


beginning of operations. 


part of anticipation of the 
Chere was insufficient 
time to develop a unique procedure, so a study 
was made of existing ones. ‘To avoid inherent 
several 


found in each method 


The 
contained a very sensitive technique used | 
The Hanford Atomic Products Operations 
which plutonium was first isolated by thenoyl- 
CTA 


electrodeposition and then quantitatively meas- 


disadvantages 


were combined. resulting procedure 


trifluoro acetone solvent extraction and 


ured by autoradiography. The initial separation 
of » plutonium from urine, however, was 
accomplished by multiple coprecipitations with 
lanthanum fluoride 


bismuth phosphate and 


using a procedure developed by FARABEE™ 
Although this procedure required 1500 ml 
of urine and was exceedingly long and tedious, 
the sensitivity and precision obtained with it was 
acceptable and it remained in use as a routine 
bio-assay procedure until replaced in May 19959. 

By 1956, however, the development of a new 


method of analyzing urine for plutonium, 


described in this report, had already begun." 


The objective of this program was to develop 
a more sensitive but less laborious procedure 
than previously existed. 


{ 


* The information contained 1 


veloped a ing the course ol VOrTK 
AT(07-2)-1 with the U.S 
+t Now located at the Univ 


California 


Energy Commissi 
‘ete 
erkel 


of California 


DETAILS OF THE PROCEDURE 


] } 


ing and wet ashing 


At the River 
colle ( ted 


working 


Plant urine is normally 


hours in 


Savannah 
during a polyethylene 
bottle. In the laboratory 250 ml is poured into a 


flask. 


with 5 ml of concentrated 


900-ml Erlenmeyer The bottle is then rinsed 


nitric acid and this too 


flask. Forty-five milliliters of con- 


is added to the 
centrated nitric acid is slowly added to the flask: the 
flask is swirled to mix the contents and is placed on a 
hot plate. 

[he initial acid concentration is not critical, but 
care must be used in adding concentrated niiric acid 
to avoid a rapid effervescence due to the presence of 
varying quantities of carbonates in the urine. On 
occasion as much as 9 ml of concentrated nitric acid 
a single 

CX). 


Lin. 


was needed to react with the carbonates in 


250 ml 


\fter the 


asbestos boards on 


sample producing 800 ml of 
alt id IS 


ovel 
added the flask is placed on 
a warm hot plate lhe heat is 
increased gradually until the sample is boiling. This 
and 


gradual increase in heat prevents boiling over 


ignition of the organic matter 


In practice, samples are placed on a hot plate 


1.5 hr 


' 
heat is increased twice at }-hr intervals. 


work day. ‘The 
\n hour is 


added if the evaporation is begun on a cold hot plate. 


about before the end of the 


\t the end of the work day the hot plate is turned off, 
12 hr 


turned on automatically before the 
Lhe samples, there- 


and is 


beginning of the next work day. 


fore, have just finished evaporating when work starts 


the following day. (Excessive heating of the residue 


causes it to become less soluble and is avoided. \t 


this time ask is removed from the hot plate and 


allowed to cool for 5 min. ‘Ten milliliters of con- 


centrated nitric acid and 5 ml of 30 per cent hydrogen 


peroxide are added; the flask is returned to the hot 


plate. The solution is again evaporated and both 
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Experience has shown that with some 

s, smaller volum - higher acid con- 

tions will cause salts to reprecipitate resulting 
oss of plutonium and clogging of the ion exchange 
is avoided as this will 

ity of the resin for 

acid normality 

7 and 8. Plu- 

‘a complex 

anion, Pi els > at is normality. 


good recoveries can be obtained from a 


olution, asing the nitric acid 
form the divalent complex, Pu 
will nd to displace plutonium from the 
to competition between the nitrato complex 
itrate 1ons for absorptiotr 
\ column is prepared for holding 0.5 ml of anion 
resin by placing a small glass-wool plug in the tip of a 
cross-section. The 
, which has been sized 
is slurried with an 
of distilled water and transferred to 
ng a medicine dropper. After 0.5 ml 


iced in the column (the height 


) 


>cm), a small glass-wool plug is 


the column is inserte dina 


Fig. | 
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Resin volumes of less than 0.25 ml cause some loss _ this permitted ; 


of plutonium during the washing, and volumes nsitivity the procedur¢ 


greater than 0.5 ml require increased volumes of How * the electrolyt 


wash solution and « uting agent. 
\ polyethylene cylinder is now placed into 

main vacuum container to catch the waste solution: 

the stopper containing the column is fitted into the 

top of the container. Resin is | n converted to the 

nitrate form by passing | | ~8N nitric acid 

through the column. he plutonium complex is When number of v: 

then placed on the bi assing the 8N nitri nitrate—nitric acid elect 

acid solution through the column. The solution will we tried, it w 

usually p: by gravity flow. If it becomes 1 

to increase the fl rate, the equipment 

to permit regulation of I » flow bv the ppil 10 ving I lating potenti ¢ mpletion of 

a vacuum (Fig. 1). This ached ‘ the deposition lepos \ ithodic base 
each column has its fi 1ation; that is, lrogen ions a | eted in the 

own regulator. . ite is not critical, but zion of the cathode | ‘edt mn, \ ausing the 

should not ceed 1.25 ml/min per 2, which i pitation ium-IV a hydroxide 

about | t min from a column 

cross-section. 

Che resin is now was 

complete the removal of othe 

plished by rinsing the Erle 

5-ml portions of 8 N nitric acid. ' the de ' al out in a 0.1 N nitric 

the acid rinse are added | yumns. Concent ¥z trolyte. anoth at le 3 n involving 

tion of the 

with 2? ml 


move 


nitric 
lum 


nitric 


removed 
placed b 
from 

due to the 
absorb d « 
elution to 


Deconta 


Electrodeposition 
ul iin pluton 
ywraphy. 
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lyte 
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current will increase to approximately 360 mA 
nen potassium hydroxide 1S added, but the cell iS 
llowed to plate for 1 min after the addition to assure 
Ihe cell is then emptied and 
ed water. The disk is removed and 

under an infrared lamp. 
must be maintained on the com- 


he electrolyte to obtain quantitative 


um deposition. \mmonium nitrate con- 
entrations of from 0.075 M to 0.3 M can be tolerated 
affecting plutonium recovery. Nitric acid 
trations of from 0.1 N to 0.2N yield the 
nes reproducibl recoveries. Recoveries are 
nconsistent from electrolytes which are greater than 
However, as much as 85 per 
he plutonium has been deposited when the 
nitric acid concentration was 0.5 N. The recovery 
diminishes with increasing acidity to about 20 per 
t for 1 N solutions. 
amounts of sulfurous acid remaining in the 
electrolyte do not interfere with the quantitative 
‘ plutonium; however, most of the 


should be destroved before electro- 


{ 


Electrodeposition is 95 per « complete in 2 hr, 


nd 100 per cent complete in 3 hr. Once electro- 
eposition gun, the plating potential must be 
he electrolyte is made basic. If 
al is removed from the cell before this time, 
will be redissolved by the electrolvte. 
per cent wi lost in 3 min and about 
| hr. 
ontinued for 5 | t restoration. 
current drops during the course electrodeposition, 
no attempt Is made to increase th acidity 
electrolyte ¢ rt initial adjustment 
d that electrodeposition 1S 
placing plutonium in a condition 
idiographed. It does not provide a means 
plutonium irom other elements, x # 


vhich is also deposited 


the amount 
ctrodeposited. ‘This 
to that previously 
ated prior t 
accumulated 
mulsion. ‘his 


l¢ veloped by 
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track background by a factor of 10 over uneradicated 
Table 2 


8 min in running water, air dried, and placed in an 


slides (see The slides are then washed for 


autoradiographic camera (see Fig. 3 

The stainless steel disks are placed in the holes of 
the ‘‘Lucite’”’ block with the plated area against the 
emulsion. After exposure for 10.000 min the films 
are developed, and the tracks within the total plated 
area are counted using a Leitz Model XI-C micro- 
projec tor. 


Calculation of results 


Determination of plutonium by the new 
procedure gives the concentration in tracks per 
sample. Calculation of the plutonium con- 
24-hr 


requires a conversion factor for tracks to dis/min, 


centration in a dis/min per sample 


a volume factor for extrapolation to the 24-hr 


sample size, and a recovery factor. ‘These 


JR. 


and SARAH C. LEIDT 193 


corrections are combined into one factor for 


routine use as follows: 


conversion factor volume factor 
recovery factor 


over-all factor. 


A solution of | dis/min Pu/ml was prepared. 
Accurate dilutions of this solution were electro- 
deposited and autoradiographed and the con- 
10-* by 


version factor determined to be 3.7 


the following formula: 

; dis/min per ml of solution 
conversion factor : 

number of tracks 

The volume factor is merely the ratio of the 
24-hr sample size, 1500 ml, to the actual volume 
analyzed. For a 250-ml sample this would be 6. 
In calculating the plutonium concentration 


COVER PLATE 
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is necessary to correct Table 1. Comparison of routine analyses 
insic activity in the : 
as r etl Corrected for 
liatlon ot resuitsS O 1e€ , 
background * 


Results 
Number 


Joth analyses gave 
0.05 dis/min per 1.5 1. 
Only new procedurt giving 
0.05 dis/min per 1.51. 
Only old procedure giving 
0.05 dis/min per 0.5 1. 
min pel ba he Both analyses gave 
0.05 dis/min per 1.5 1. ; 10.3 
EVALUATION OF THE PROCEDURE 
lotal — 329 100.0 
ne and July of 
c procedure track value minus average track 
run with all ‘ 
uund ol Z 
new procedure 
current difference between the two analyses of 0.001 
spikes as dis/min Pu/1.51. The distribution around this 
ld. Results of analyses mean, as shown in Fig. 4, appears to be normal. 
h procedures are Therefore, there was no significant bias for 
either procedure to give a higher result than 


s than 0.05 the other. There was also no relationship 


or both procedures. between the level of the analysis and the 


procedures was later difference in the values obtained. 


collected from indi- Che limit of sensitivity for this procedure is 


contained taken to be seventeen tracks. This represents 
the arithmetic mean plus 2.135 times the stan- 
lard deviation of the tracks from blank urine (see 
item 8 in Table 2). Ifa urinalysis results in this 


| 
0 


DIFFERENCE, d/m/1.5 LITERS 


t. Comparative differences. 
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Table 


JR. 


ie 
Comparison of emulsion background and blank 


SARAH C. LEIDT 


and 
] 
urine analyses 


Old procedure New procedure 


1/55 to 11/57 5/59 to 12/59 


Emulsion Background 


1. Number of determinations 
2. Arithmetic 


> 


}. Standard deviation, tracks 


mean, tracks 


Blank 


Number of determinations 

Arithmetic 
. Standard deviation, tracks 
tracks 


2.135 o 


mean, tracks 


; oko ea, 
Mean 
tracks 


no, 5 


\rithmetic no. 5 — no. 2 


tracks 


Estimated Pu concentration, dis/min 


mean 


per 1.31. 


many tracks, odds are sixty to one against the 
sample containing only background plutonium. 
an often-used cri 


Seventeen tracks also meet 


terion of being twice background. Considering 


the recovery at this level to be 45.4 per cent, 
the plutonium concentration in a urine sample 
producing seventeen tracks would be recorded 
as 0.007 dis/min per 250 ml or 0.042 dis/min 
Similar 


obtained with the old procedure indicate that 


per 1.51. calculations using results 
the odds were sixty to one against analysis of 
blank 


tracks. A count of this many tracks would have 
0.063 


urine resulting in eighty-six or more 


been considered to dis/min 


Pu/1.5 1. 


urine 


represent 
one-sixth as much 


the 


Thus with only 


needed for analysis, new pro- 


cedure is 1.5 times more sensitive than the old 
one. 

Histograms in Fig. 5 compare the distribution 
of the number of tracks found by using this 
procedure to analyze blank urine and _ urine 
with small plutonium added. 


be 


containing 


quantities of 


Assuming these distributions to normal, 


which they be, urine 


0.044 dis/min 


appear to 


Pu/1.5 1. 


will produce seventeen 


Urine Including Emulsio 
Ss 


or more tracks 52 per cent of the time, while 


urine containing 0.088 dis/min Pu/1.51. will 
produce seventeen or more tracks 97 per cent 
of the 


time. Comparable results were also 


obtained with the old procedure. Urine con- 
taining 0.061 dis/min Pu/1.5 1. would produce 
eighty-six or more tracks 48 per cent of the time 
22 Pu/1.5 1. 


2 dis/min 
would produce eighty-six or more tracks 96 pet 


} 
urine containing 0.] 


and 


cent of the time. 


Recoveries of the two procedures are com- 


pared in Table 3. Comparable plutonium 


concentrations in the new procedure are con- 
sistently lower although their precision is better. 


The reason for this is not known; however, the 


recovery appears to increase with plutonium 


used in 
the 


and the concentrations 


old proce edure 


concentration 


the were 1.4 times those in 
new. 

The standard deviation of 425 determinations 
of a single plutonium source, which produces 
1.5 times as many tracks as the 0.146 dis/min 
per 250 ml plutonium spike solution, indicates 
that about half the total error lies in counting 


the tracks. 
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from about forty males working in the Health 
Physics Headquarters Building where the possi- 
bility of plutonium assimilation is nil. With the 


as 1955, an «-track count signifi- 


cantly above the emulsion background was : ; 
observed in analyses of urine samples collected reduction in the emulsion background in the 
new procedure, the blank urine activity became 


Number of Samples more obvious. The arithmetic mean of the 


— 


number of tracks was found to be proportional 
to the volume of the urine analyzed in the two 
procedures. This, plus the fact that different 
reagents and equipment were used and both 
procedures are specific for plutonium, might 
indicate that blank urine has an _ intrinsic 
plutonium concentration of about 0.027 dis/min 
per 1.51. (see item 10 on Table 2 


Che possibility that this is plutonium from 


weapons debris is supported by data collected 


during 1959 by Isotopes, Inc., of Westwood, 
New Jersey"! which indicates that plutonium 
can be detected in air, soil, various human 
organs and commerically available meat pro- 
ducts. However, there is also evidence that this 
is not plutonium. On two occasions—November 
1957 and December 1959—five distilled water 
samples were analyzed. In each instance four 
of the five analyses resulted in more tracks than 
the arithmetic mean for blank urine. Also 
tracks twice as long as the normal plutonium 
tracks are frequently observed in both blank 
urine and distilled water analyses; this indicates 


that at least a portion of the z-particles are from 
RaC’ or ThC’. 

, , ADVANTAGES 

re ). Distribution of blank and _ spike 
results using the new procedure with calculated lhe previous routine plutonium procedure 
used 1500 ml of urine (an average 24-hr void). 


; Standard 
, . Arithmetic “a 
Plutonium Number of deviation 
; ; mean ol ‘ 
concentration determinations of 
recovery . 
‘ recovery 


0.06174 245 
0.1227 289 
1.227 tei) 
0.00738 137 
0.01468 142 
0.1468 241 


standard deviation of the blank urine. 


§ Dis/min per 250 ml 
“| May 1959 to December 1959. 
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The on-Plant sampling schedule required up 
to 3 weeks from the time that the sample was 
requested until it was received by the bio-assay 
group. In contrast a 250 ml sample used in the 


new procedure, should be received the day after 


it is requested. A small disposable sample 


container can be used to: 1) eliminate a 
potential source of cross-contamination, and (2 
eliminate washing of sample bottles. 

The time required to process a sample from 
the start until it was put on autoradiograph by 
the previous procedure was 4 days. The new 
procedure requires a maximum of 2 days from 
the beginning of evaporation until the sample 


is put on autoradiograph. The number of 


analyses made per day has been increased from 
18 to 20 and the number of spikes increased 


from 3 to 6. At the same time, the number of 


technicians required to make the analyses has 
been reduced from 3 to 2. 

Sixteen different reagents were used in the 
previous procedure, ten of which required 
preparation. ‘The new procedure uses six 


reagents, four of which require a minimum of 


preparation time. The reduction in sample 
volume and the smaller equipment needed in the 
new procedure permit the entire operation to be 
carried out in only 29 per cent of the laboratory 


space required in the old procedure. 
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me of the more unusual health physics problems associated with two very large 


Successful 


i vital part in the development of food processing tec hniques that 


The U.S. Army Ionizing Radiation Center, 
by the use of ionizing radiation, will provide a 
prototype production facility to: 

1) Determine the commercial and economic 
factors involved in preserving foods and 
other Army material. 

Provide process and design data which 
can be extrapolated to commercial 
production. 

Assist in the development of new and 
improved irradiation and food prepara- 
tion processes. 

This prototype production facility will include 
two different sources and types of ionizing 
radiation. The High Intensity Food Irradiator 
HIF! 
megacurie cobalt-60 source. 


LINAC 


energy electrons with energies up to 32 MeV. 


will provide y-radiation from a multi- 
The Linear Ac- 
celerator complex will provide high 
Both units will be adjacent to a large food 
processing plant that will supply large quantities 
of food to the conveyor systems feeding each 
A schematic layout of the U.S. Army 
Center in 


facility. 
shown 


Ionizing Radiation is 


Fig. 1. 
HIGH INTENSITY FOOD 
IRRADIATOR 


About 2,000,000 curies of cobalt-60 will be 
installed in the High Intensity Food Irradiator 
Facility. This unit, currently under design by 
the Curtiss-Wright Corporation, is being built 
to meet the specification of the Quartermaster 
Corps to process 3000 Ib of food per hr at a dose 
of 2,000,000 rads, a capacity of 3 Mrad tons/hr. 
A dose range of 8000 to 5,000,000 rads in a 
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FOOD PROCESSING PLANT 


Fic. 1. Schematic layout of the | 


maximum irradiation time of 40 min is required. 
Variation in the conveyot speed and the 
provision of two conveyor systems are used to 
obtain this wide dose range. Dose rates inside 
the irradiation cell range from about 107 r/m 


roentgens per hour) to 10° r/hr. Fig. 2 shows 


the irradiation cell. ‘The food packages, carried 


by a conveyor system, pass between the three 


source plaques. 


LINEAR ACCELERATOR COMPLEX 


The ‘rr. source of ionizing radiations 
is a high-energy electron linear accelerato1 
LINAC). This unit is being designed and 
constructed by Varian Associates. The acceler- 
ator is capable of producing electrons with 
energies of from 2 to 32 MeV, and has a beam 
current range of from 0 to 750 wA, 

I 
ator is the same as for the HIFI facilitv, 3 
Mrad tons per hr. The food passes through the 


The food processing capacity for the acceler- 


electron beam on a conveyor, and is irradiated 
from above and below. High-energy electrons 
produce a substantially uniform dose distribution 
in the irradiated food from the surface to a 
depth determined by the electron energy and 


the density of the irradiated food. For food 


.S. Army Ionizin 


packages a 


from above 


ol about 
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g Radiation Cent 


6 in. in thickness irradiated 
electrons with energy 


“ required. 


High-intensity food irradiator. 
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Both of these large 
unusual health physics problems associated with 
For the HIFI facility, these problems 
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energy sources have some 


their use. 


involve 
1) Shielding for 
2) Designing 


prevent entry into the irradiation cell 


) Mi ol cobalt-60. 
the interlocks and controls to 
when the sources are in use. 


Design of a storage pool and _ lifting 


mechanism to raise and lower the source 
plaques. 
Providing 

leak of cobalt-60. 
Providing area and personnel monitoring. 
Deve 
vey program. 
Che shieldi 
hollow oncrete walls whi h are formed 
on the ground and raised into position. The 
concrete walls are 7? in. thick. Sand fill will 
be used between the concrete walls to provide 
the required The sand thickness 
from 7.0 ft to 3.0 ft. Although the 
original loading of cobalt-60 will probably be 
near 2 Mc, the 


adequate for a totalloading of 3 Mc of cobalt-60. 


instrumentation to detect any 


loping a radi ition background Sur- 


ng problem is met by 


pre ASL ¢ 


shi ldine. 
varies 


shielding is designed to be 


3ecause of the high dose rates in the cell and 
cell, 
entry into these areas must be prevented. The 
food 
through the tunnel into the « ell, and back to the 


in the corridor leading into the human 


conveyors from the loading area 


move 


loading—unloading area. These conveyors re- 


wo fairly large openings. To make these 


quire 
openings more inaccessible to human entry, 
they have been raised 8 ft above the floor at the 
entry into the tunnel. 

[he source storage pool has a stainless-steel 


liner to prevent escape of pool storage water. 


The source plaques are lowered to the bottom of 


this 20-ft deep pool when they are not in use. 
The pool extends under the outside wall of the 
cell to 
directly from the truck into the pool. 


allow unloading of source transfer casks 
These 
15-ton shipping casks are unloaded at the bottom 
of the pool outside the cell, and the source 
plaque subassemblies are then transferred with 
long handling tools inside the cell for loading 
into the source plaques. 


Each subassembly contains about 
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30.000 c of 


PROBLEMS 

cobalt-60 in the form of strips 10 in. long, | in. 
wide and about 0.1 in. thick. A photograph of 
a representative strip is shown in Fig. 3. After 
irradiation at Savannah River, the strips will be 
removed from the irradiation can, encapsulated 
leak 


15-ton 


in welded stainless-steel subassemblies, 


and then transported inside 
shipping casks to the HIF site. 


To guard against a source leak after installa- 


tested, 


tion, monitoring systems will be installed on the 
pool water and air circulation systems. About 
5 gal of pool water will be recirculated per min 
A scintillation 
cobalt-60 
demineralizer. 


through a demineralized bed. 


detector, biased to see only the 


photopeaks, will monitor the 
For air control, a side stream of the recirculated 
air is to be passed through an absolute filter. 
A similar scintillation system will monitor the 
face of this filter for cobalt-60. 

Monitoring is required to detect and record 
10-4 to 107 r/hr. Dose rate 
monitors in the irradiation cell will record the 


dose rates from 


dose rate continuously. A low-level monitor 


from 0.1 to 100 mr/hr) will record the dose rate 


in the irradiation cell when the sources are 


under water. Upward movement of the sources 
will cause this monitor to be de-energized when 
the dose rate approaches 80 mr/hr. Ionization 
chambers are to be located in the cell to record 
the dose rate range of 10 mr/hr to 10° r/hr. Two 
chambers will 


graphite ionization 


monitor the dose rate range of 104 to 107 r/hr. 


spherical 


The signals from these monitors are to be fed 
to multi-point chart recorders in the control 
One of 
the spherical graphite ionization chambers is 


room to provide a permanent record. 


to be located behind the food conveyor so as to 
provide a record of food processing. Low-level 
from 0.1 to 100 mr/hr 


located in the control room, in the loading and 


monitors are to be 
unloading area, and outside the building to 
provide a record of dose rates at these places. 
All low-level monitors have preset alarms to 
guard against high dose rates in these occupied 
areas. 

Most of the problems associated with the 
LINAC facility One different 
problem results from the fact that electrons with 
10 MeV 


will form radioactive isotopes in most elements 


are similar. 


energies higher than approximately 


Cobalt-60 strip irradiation assembly. 
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Table l. ssed food i ith 25 Me V electrons 


Isotopes produced in irradiation of proc 


Concentration in food 


; where element Isotope as [ype of 
Food 7 Half-life 
is prevalent produced decay 


Cu 
Fis 


20 min 
1.9 hr 
Cl 33 min 
Na?? 2.6 years 
Cu®4 12.9 hi 
[126 13 


Many 
Sardines 
Bacon 
Cheese 
Liver 
Cheese 
Many 


days 


Ov 2 min 


Table | [his means that, even after the 
beam is shut off, residual activity is present in 
the facility. Entry into the cell after machine 
shutdown will have to be controlled. Most of 
the isotopes formed either have short half-lives 
or are present only in very small quantity. 
However, the 20-min carbon-11 isotope and, 
in rare instances, the 33-min chlorine-34 isotope 
create a health hazard. Therefore the irradiated 
products cannot be handled directly by person- 
nel immediately after processing but must be 
placed in storage by mechanical equipment. 
A storage space in which the irradiated product 
can be stored for approximately 5 hr must be 
available. 

The radiation background program for the 
i) od Radiation 


unusual. the conventional 


Army  [onizing Center is 
Whereas 


background survey program is concerned with 


radiation 


monitoring activity, this program 


will look for specific isotopes. The only isotope 
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of importance to the HIFI is cobalt-60, so 


Table 2. 
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New values 
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Cobalt-60 
insoluble 
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Sodium-22 
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analysis for this isotope is a specific check for 
possible contamination from that facility. 

Most of the isotopes formed by the y-neutron 
reaction resulting from the bremsstrahlung 
spectrum generated by the high-energy electrons 
These isotopes can be 
0.5] 


Examples 


are positron emitters. 


detected by the annihilation radiation 


Me\ 


of these isotopes are sodium-22, zinc-65, carbon- 


associated with their decay. 
11, nitrogen-13 and oxygen-15. 
Analysis of the water, soil, vegetation and 
fallout samples collected on site and off site will 
be made by scintillation counting techniques. 
A spectrum will be prepared of count rate vs. 
energy, and then the spectrum will be examined 
for cobalt-60, the 
photopeak. This specific analysis will eliminate 
the the 
gross p—y background It is fortunate 
that cobalt-60 
naturally occurring radioisotope. 


sodium-22 and position 
due to fluctuations in 
Fig. 4 
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uncertainties 
sodium-22 is a 
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Abstract 
These chambers are used to monito1 


gaseous radioactive 


Operating experience with two types of Kanne ionization chambers is described. 


j-emitting contaminants released 


during the operation of heavy-water moderated reactors at the Savannah River Plant. Calibra- 


tion results, } 


} 


-sensitivity, the effects of f-energy on chamber sensitivity, and the effects of such 


variables as temperature, pressure and humidity on the operating characteristics of these 


chambers are discussed. 


INTRODUCTION 
One of the considerations in the operation of 
heavy-water moderated reactors at the Savan- 
Plant (SRP 
the radioisotope, tritium. The Kanne ionization 


nah River is the measurement of 
chamber has been used successfully to monitot 
The Kanne is especially 


weak 


emitters since their range in air is short when 


this weak /-emitter. 


suitable for monitoring other equally 


compared with the over-all dimensions of the 


chamber. Other more energetic gaseous radio- 
isotopes are detected with reduced efficiency. 
This ionization chamber has been found to have 
wide application in the monitoring of filtered 
exhaust air where tritium is the preponderant 


gaseous radioisotope. 


DISCUSSION 

A block diagram of a Kanne Air Monitoring 
System is shown in Fig. 1. This system can 
either be permanently installed or mounted on 
a mobile cart. The system consists of an intake 
or sample line, filter, flowmeter, Kanne chamber, 
The 


within the 


current 
Kanne 


chamber is measured by a micro-microammete! 


air pump and exhaust line. 


produced by ionization 

and continuously recorded. 
A description of the components, as shown in 

Fig. 1, 


These 


is given in the Appendix of this report. 


components are identified by SRP 


de- 
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Instrument Piece Numbers 


EP 431-AJ). 


There are two sizes of 


Equipment 


Kanne chambers in 


) 


use at SRP. The larger of the two, Fig. 2, is an 


aluminum chamber with an active volume of 
51.5 1. 
of stainless steel and has an active volume of 
8.5 I. 


chambers is 


The smaller chamber, Fig. 3, is made 
The principle of operation of both 


identical but since these two 
chambers do not have equal volumes, each type 


must be calibrated separately. 
EXPERIMENTAL 


SRP Kanne 


Was done as 


The initial tritium calibration of the 


chambers, using the 51.5-l. chamber, 
follows: 
l Che chamber was placed In a ¢ losed ( ire ulation 
Fig. 4. 
] ] 


system was then dried 


the 


system as shown in 
2) Air in the 


calcium 


by placing a 


desiccant chloride in “flask”? and 


circulating the air overnight. 


}) The desiccant was removed and weighed. 


sample was then introduced 


+) A tritiated wate 


into the system by means of a hypodermic needle. 


The amount of tritiated water added was always 


kept 
desiccant. 


9) After the known 
tritiated water, the flask was heated to 125°] 


below the amount of water removed by the 


addition ol amount ol 
and ait 
was circulated to aid in evaporation of the sample. 
Ihe system was allowed to reach equilibrium before 
a reading was recorded. 

Concentration of the tritiated water sample used in 


this calibration procedure was established by_ the 
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chamber. When the calibration of the large chamber 


\rgonne National I aboratory No corrections were 
was completed, a similar calibration was made on the 


made for possible absorption losses to the walls of the 
18.5-l. chamber by connecting the two chambers in 


iQ, 
5-1. chamber to tritium 


to be 6.85 107 we/em? per A. These 


systen 


The averag f seven experimental determinations _ series. The response of the 18. 


varying trom was found 


using tritium Tit rit it I Th all 
experimental results were used as a basis for estimating 


W 4 LO? pa m?” t l( uc/Ccm? gave an average 


respons per A in the 51.5-l. the response of the Kanne chambers to any airborne 


A 
~~ 


DISCRIPTION 


sample Vaive 

Filter (4a494-C 
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Kanne Chamber (43! - AAOR 431-P) 


Air Pump (490-H) 


Regulator (459- B62) 
Valve (457 -HE) 
Micro -Ammeter (421 -U) Exhaust 


Recorder (424-By) 


Alarm (496 -BS) 


['ypical flow diagram of a Kanne air monitoring system. 
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KANNE IONIZATION CHAMBERS 


concentration of tritium. The calibration curves are 


shown in Fig. 5. 


Chere is a linear relationship between the con- 
centration of airborne activity and current as long as 
a sufficient voltage is present to collect all of the ions 
formed by radioactive decay. A study was made on 
the minimum voltage needed at various ion currents 
to maintain the chamber at “saturation’’. It was 
found that the 210 V normally supplied by the micro- 
recombina- 


10-7 A. For 


microammeter was sufficient to prevent 


tion of ions for currents up to l 


radioisotopes producing ion currents greater than 


| 10-7 A, the response is no longer linear and the 
calibration curves cannot be used. \ collecting 


potential of 600 V was found to extend the linear 


the Kanne chamber to about | 10-° A. 


range ol 


Calibrations of the 16.3-l. Kanne chambers at 
other sites have been reported“ at These 16. 3-1. 
similar in construction to the 


Che operat- 


chambers are very 
18.5-l. chamber described in this paper. 
ing principle of the different chambers is identical; 


however, in order to compare calibration results, 


Airborne Concentration of Tritium in szc/ml 


l'ritium calibration curve for S.R.P. Kanne chambers. 


allowances must be made for their respective volumes. 
This was accomplished by normalizing all results to a 
volume of 51.5-1. 

l'able 1 shows a comparison between the theoretical 


and the experimental response to tritium for the 


various size chambers, all normalized to a volume of 
51.5-1. 


lable 1 shows that there is no disagreement in the 


theoretical response of the Kanne chambers if radia- 


tion losses to the walls are ignored. However, the 


Active 


volume 


[ype 
Kanne 


examined 


SRP 

SRP 18.5 
KAPL*t 16.3 
HW: 16.3 
* Assuming no wall loss. 
Knolls Atomic Power La 
Hanford Works data 


} t 
pboratolr 


could 


cause significant error in the interpretation of di 


SRP experimental results show that wall losses 
ita, 
especially from the smaller size chambers. 


rfrum loss in hamber 


Theoretically, the wall losses should increase as th« 


( hamb«e ry olume 1S dk crease d: howe Ver. the appare nt 


SRP ( | ambe I 


than 


wall loss of 11.5 per cent in the 


large 


her 


28 per cent for the small chamber) is higher 


can be justified theoretically. This loss is due in part 
to absorption or adsorption of tritium in and on the 


No correction 


therefore, the use 


walls of the calibration system. was 


made for this effect; of a conversion 
factor based on the above calibration will always lead 


to pessimistic answers. 


OPERATING INFORMATION 
Theoretically, Kanne chambers can be used 


to measure any gaseous /f-emitting isotope 


dispersed in air. In practice, however, certain 
practical considerations limit the accuracy of 
such a system. Some of these considerations may 
be of interest to those planning such an ail 


sampling system. 


Gamma 


Calculations indicate that a y-field of 1 mr/h1 


10-12 A in 


from cobalt-60 will produce 4.50 


HOY 
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10-12 A in the 
the 


the 51.5-l. chamber and 1.61 
18.5-1. 


factor given in 


Based on calibration 


Table l, 


would be 


chamber. 


this amount of y- 
10-5 
fuc/cm® of tritium in the large Kanne chamber 


and |] 


Kanne chamber. 


radiation equivalent to 9 


10-° uc/cm® of tritium in the small 
For this reason the chambers 
the Y- 


conditions, 


should be located in an area where 


background is low. Under ideal 


( ak ulate d re sponse 


\/ a 


per cm” 


10-5 
10-8 
10-5 
10O7-> 


tritium concentrations as low 


uc/cm?® can be reliably detecte: 


Leff éncy vs. P-enere) 
| 


Any ionization occurring within the ‘‘active 


volume” of the Kanne chamber will produce a 
current. ‘The fraction of f-energy which is 
with 


the 


effective in producing current varies 


For 


energy iS deposited in the ¢ 


p-energy. low p-energies, almost all 


l 
] 
I 


iamber, with very 


little energy being lost tothe wallsol 
As the p-energy 


lost in the walls of the chamber. 


the ¢ hamber. 


increases, more of the energy is 


The response of Kanne chambers for various 


fp-emitting gases is usually calculated rathei 


than experimentally determined. An equation 
was derived expressing the fraction of energy 
deposited in the active volume of the two SRP 
a function of average p-energy of 
Phi 
does not account for backscatter or the increased 


the end 


chambers as 
the radionuclide being sampled. equation 
ionization of f-particles neat of their 


order to the increased 


the 


paths. In 


prevent 


ionization neat end of the from 


path 
introducing an error in the calculations, certain 


limitations are imposed on the use of the 
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208 
The taken 
one-third of the maximum energy listed for the 
in 


equation. average /-enerey as 


emitter in question) must have a range 
air 20 per cent longer than the longest dimension 
of the chamber. The shortest dimension should 
be at least 5 per cent of the range of the average 
[his equation then, only applies to 
above 0.4 MeV the 
51.5-1. 1 above 0.35 MeV the 
18.5-1. Within the 


fraction of the total energy emanating from the 


p-energy. 


average /-energies for 


al tor 


chamber 


chamber. these limits, 
active volume of the chamber which is deposited 


within this volume can be calculated from the 


following equation 


) rl Os (Dp sin” (—p 
a" 


where: 
I the fraction of energy being emitted in 
the active volume that will be absorbed 
in that volume: 
total amount of energy being emitted by 
radionuclides within the active volume; 
range (in inches of air) of a /-particle, 
one-third of the maximum energy; 
axial length of the active volume of the 
chamber; 
outer radius of the active volume of the 
chamber; 
inner radius of the active volume of the 
chamber (outer radius of the central 
electrode 
7] arc COS a/r. 
Solving the above equation for the two 


Kanne at SRP: 


types of 


chambers in use 


IA Q 


O-l, 


chamber 


for the 18.5-l. chambe 


Che general calculation of current response of a 


Kanne chambe1 


IS aS I yllows 


104 dis/sec pel 


fac per cm? 


KANNE IONIZATION CHAMBERS 

where: 
I’ = energy necessary to create an ion pair; 
ip = ion pair; 


dis disintegrations. 


Using 32.5 for W: 


9.40 10-12(E avg eV/dis 
for the 51.5-l. 


A/c per cm? 
chamber, 
and 

10-12(E avg eV/dis 


$.5-l. 


A/uc per cm? = 3.43 
for the | chamber 


An investigation was made of the manner in 
which F varies with average /-energy as indi- 


cated in equations (2 


> 


and (3 
The dotted portion of the 


These results 
are shown in Fig. 6. 
curve represents /-energies, below which equa- 
is not applicable. ‘The curve has been 
to 
points obtained using tritium. 


tion (] 


extrapolated experimentally determined 
The fraction of 
p-energy deposited in the chamber is found to 
decrease rapidly with increased f-energy. 
When the range of the average /-energy 
exceeds the longest dimension of the chamber, 
the fraction of energy being deposited does not 
Fig. 7 shows the 
effect that the changing efficiency has on Kanne 


change as rapidly as before. 


chamber response as predicted from equations 
5) and (6). From these curves, an estimation of 
the Kanne response for any f-emitting gas 
of p- 


emitting gases cannot be interpreted unless the 


can be made. Obviously, mixtures 


relative abundance of each isotope is known. 


Effects of pressure variations 


Normal variations of atmospheric pressures 
are quite small compared to the variatiens which 
are introduced by the arrangement of an air 
pump filter. ‘The usual position of the 
pump, Fig. 1, is downstream from the chamber. 


and 


In this position the Kanne chamber is operated 
at pressures slightly less than atmospheric due to 
the pressure drop developed by air flowing 
through the filter. The maximum variation of 
pressure drop across the filter is estimated to be 


less than 10 per cent of the existing atmospheric 


volume in cm?) (EF avg. in eV/d)F 


6.24 


10!8 ip/sec per A) (W in eV/ip 


E.P. 431-P 
(51.5 Liters) 


0.4 0.5 
E avg (Mev) = 


pressure and therefore well within 
of the calibration. No corrections ; 
changes in response due to pressure 
ture variations. 

Changes in system 
rents which cz lisrupt normal readings for the following 
several minutes after they have occurred. With 


1 
| or the remov: 

Amps/yuc/ml : 

10-6 


pel 
. I 
4 6 4 the Kanne 
Average Beta Energy (Mev) 


Predicted change iu ani li approaching 100 pe 
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up to 946 


Oo ettect on 
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or 


un 


1umid 


its 


have been operated successfully in atmospheres 


\ 


disrupt the 
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trode to purging to remove. Dry air and heat have been 
Wher utilized successfully to speed decontamination 
ample d when the contaminant is gaseous. The chamber 
talled has been constructed so that it can be dis- 
bled for decontamination when necessary. 

SUMMARY 


Kanne Air Monitoring System is 


described. Theoretical and experimental cali- 


of two types of Kanne chambers are 
compared with similar studies made at other 
Some ‘the variables and limitations of 


a svstem > discussed. 
APPENDIX 
Des« ription 


from 0.5 to 5 ft®/min of air 
logarithmic scale to cover current range 


potentiometer with a six-decade logarithmic 
with ion collecting volume equal to 51.5-1. 


with ion collecting volume equal to 18.5-l. 


‘air at pressures up to 15 in. water gage 
ire differential of 2 in. water 


} ) 
rthan 2 UU 
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Measurements of Fast Neutron Flux by 
Means of Activation of Phosphorus 
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A Broad-Range Chemical Dosimeter 


R ) March 1961 


I. Introduction 
extensive ly to 
numerous 


rs, especially 


niort inately, 
vantage that 
he radiolysis 
lo overcome 
exist whos 


process. \ 


simeter 


neters 


chain 


ce | vield on 
ered to the 


system. 


umber exist where 


is water.‘*~? Such 
, 
ry-absorption 
I 
Oo biological 
in biological 


and 
] 


ferrous sulfate 


extensively qgaocu- 
of water has been 


other chemical 


1 chain reaction. 
simple to prepare 
In light of thes 
study 
broad-range 
ol aqucou ben- 
} 


ff workers in the 


this system art 

S1S prod ict in the 
and BURTON 

of 2.64 

This value 


vestigation by 


nde nt of 


hanism has 
aqueous be nzene 


e irradiated 


used 


sis, previously 


lower limit of 3.3 


' , 
irabie to a minimum 


uns many reierences 


enol in micro-molar quantities. 


sensitive analytical 


incorporation ol a 


procedure for the determination of phenol with the 


radiolysis of benzene should create a chemical 
dosimeter capable of accurately measuring dose over 
[The procedure chosen for phenol 


(11) the 


a broad range. 


analysis, first described by Grpss, involves 
combination of phenol with 2,6-dibromo-n-chloro- 


benzoquinoneimine to produce the intensely blue 
This 


more completely by ErrincGer and RuckuortT, 
Since phenol is 


described 
(12) 


2,6-dibromo-indophenol. reaction, 
is 
routinely used for phenol analysis. 
detectable in the 10-8 molar concentration range by 


benzene could be used to 


this procedure, aqueous 


measure accurately doses as low as 10 r. 


II. Procedure 


ACS Grade thiophene-free benzene 


© Adamson) was purified by distillation 
through a 30-in. Widmer column. 


2. Water. 


a mixed-bed ion-exchange column followed 


Conductivity water prepared by passage 
through 
by double distillation in an all-quartz apparatus. 

Eastman 


l 


ben zoquinoneimine 


9 6.dibromo-n-chloro 
.2¢ reagent dissolved in 50 ml ethanol and 
a stock solution. 7.5 ml of this stock solution 
d to 100 ml with water immediately prior to 


Sutyl al Fisher Certified Reagent 


\ir-saturated conductivity water 
benzene by vigorous stirring in 
for + hr. The then 


until all 


with 


is saturated 


an open container solution is 


benzene has 


The 


phase then is placed in volumetric flasks and stoppered 


permitted to stand e€XCess 


separated from the aqueous phase. aqueous 

so as to leave no air Space. 
Dosimetry. \ 100-« Co” 

irradiation was calibrated with ferrous sulfate by the 


source used for the 
standard procedure” using a G of 15.6 ions per 
100 e\ 

Phenol analysis. After 
of the benzene solution was placed in a flask to which 
added 1.5 ml of pH 9.5 buffer and 0.5 ml 


imine re 


absorbed. 

irradiation a 30-ml sample 
were 
he solution was shaken and 
permitted to stand for 24 hr. After standing, 7.5 ml 
alcohol added. ‘The 
was extracted and its absorbance at 650 mu 
spectrophotometer Perkin 
Suitable blanks 
Phenol 


calibration 


quinone ‘agent. 


n-butyl was n-butyl alcohol 


phas« 
was measured on a 
Elmer Model 4000A Spectracord). 
of unirradiated aqueous benzene were used. 
obtained from a 


concentrations were 


curve prepare d with known concentrations of phenol. 
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2. Phenol yield as a function of dose. 
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NOTES 


rapidly expanding one and is backed up with a 

Manual SIG-0021-TM-6. development program aimed at updating and modern- 

izing the standard items and adding new instruments 

to fulfill the requirements for a civil radiological 

defense. In 1959, OCGDM was supporting nine 

development projects for radiological instruments, 

totaling approximately $200,000. ‘The instrument 

research program includes projects to develop suitable 

iation work. instruments for general public use as well as for 

organized civil defense, but procurement of instru- 

ation ments for public use is not contemplated by OCDM. 

personnel in 

Instruction Dosimetry 

OCDM procures dosimeters in three standard 

s for measurement of total integrated exposure 


V-742), 0-20 r (CD 


-radiation: O-200 r ( 


D 
and 0-200 mr (CD V-138) for training and 


-rate measurement. ‘These are of the self- 

quartz-fiber, ion-chamber type requiring an 

charging unit (CD V-750) for adjusting to 

\pproximately 300,000 of these dosimeters 

have been delivered and are on grant or loan to the 

States, and an additional 130,000 are on order. 

Dosimeters and chargers cost $5—6 each in large 
quantity procurement. 

OCDM. has recently endorsec il dosimeters 

public. A 

vith a range of 0-600 1 D V-746) and 

r dosimeter with a special scale for rapid 

rmination of dose rates from 1 to 100 r/hr (CD 

1ave been specific d. The companion charg- 

CD V-/756 uses a Hashlight battery. 

iation of Cincinnati has made this set of 

uments available to the general public for 


velopment projects 


supporting 

a in quartz fiber-ion 
ysimeters as an integral part (CD V-731 
litional research project is underway to provide 

of dose rz ising quartz fiber in 

ber techniques, without requiring an auxillary 

x device (CD V-726B). This research and other 

j 


development projects described in this 
scheduled for completion during the 


summer of 1960. 


Survey meters 

OCDM purchases three different survey meters for 
the measurement of dose rates. ‘The present survey 
meters cost between $20 and $35 in large-quantity 
procurement. 

Che CD V-700 survey meter uses a geiger tube as 
a detector and has ranges of 0—-0.5, 0-5 and O—50 
mr/hr. ‘The probe assembly has a f-shield which 


may be closed for measurement of y-radiation only. 


| IG. ha Dosime ters and charger 


1) V-700 survey meter 


HIGH SCHOOL KIT 
RADIDLOGICAL IXSTRUMENTS 
eurta2? wr. LBs. 


complete training kit 
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This instrument was developed for use in personal 


decontamination and for checking food and water. 


It is also used for training purposes. Over 55,000 of 


these instruments have been delivered and 30,000 are 
on order. 

The CD V-710 is an ion-chamber instrument for 
of y-radiation only. It has 
and 0-50 Over 
these instruments have been delivered. 
termed the ‘‘work 
fulfills the 


purpos¢ 


measurement 
from 0-0.5, 0-5 


ranges 
r/hr. 
(his instru- 
ment has been horse”? of civil 
reliable, 


local 


radiologic al 


defense, in that it need for a 


inexpensive general instrument for 
requirements of organized 


of this 


surveying 


defense teams. Future models instrument 


will have an additional range of 0-500 r/hr and will 
be de sigenate d ( D \ -/15. 

The CD V-720 
chamber detector. It has 
0—500 r/hr. 


survey meter also uses 
ranges U >. 0—50 
[his instrument may be used to measure 
used to 


About 


delivered. 


y-radiation, or by opening a /-shield can be 


determine the 
15.000 of 
OCDM is supporting a de elopment project CD 
V-716) to incorporate an additional range, 0—0.5 r/hr. 
\nother r¢ CD V-726A) is under- 
to develop a survey meter for possible public use. 
tube, as the 


hr. It will 


contribution j-radiation. 


these instruments have been 


Secar¢ h project 


instrument will hi a Geiger 
ratesto 1001 


detector and will m«¢ 


feature high nd low cost. 


Accessory items—special development 
OCDM purchases several 
cr 


ms whicn art 


idditional standard 
primarily required for radiological 
defense training 


CD V-457 


using a Geiger 


lemonstration unit is a classroom 


: ‘ } ] ‘ 
instrument tube detector and 


operating from 110 V a.c. It is used to demonstrate 


radiation phenomena and to train in measurement 


techniques 
been 


| 
pout 


\bout 300 of these instruments have 


purcl ised l 1300 are on back order. 
LOOO ourt prising 5) me ol 


] 


cobalt-60 and containers 


have been pur h: 
] 


is in the second 


leliciencies 


pha 
prio! civil defense 
meter, (CD 
d ion chambet1 

\ 200-ft cable 
It has two ranges 


L000 


, 1 
system, 1 | e- adil sneiter 


V-711). he tector Is a 


. , 
meant for inst tion outside 


pressurize 
a shelter. 
control unit. 


1000 mr/hr and 1 


connects to a 


of three decades l 


Che CD V-711 is expected to find application 
public 


in large shelters, and cor trol and opt rational 
centers. 


[he GD V-780 aerial survey meter is also in the 


170.000 of 


continuing development category. Prototype instru- 
Che Atomic 
Oak Ridge 
established a 


Aerial 


survey meters are required at all levels of organized 


ments have been developed and tested. 


Energy Commission, through the 


National 


project to further improve this instrument. 


Laboratory, has rece ntly 


civil defense to enable rapid and safe reconnaissance 
measurement of radiation levels over large areas, by 
utilizing locally organized aircraft patrol teams, such 
as the Civil Air Patrol. 
will enable 


It is expected this instrument 
measurement of ground-level dose rates 
up to 500 r/hr, at altitudes to 1000 ft. 

OCDM is supporting the development of a cali- 
CD V-794 


levels ol 


bration unit which could be safely used 


at all 


calibration 


civil defense to maintain accurate 


of all the standard operational radio- 


logical instruments. The calibrator will utilize a 


90-c cesium source, will be transportable and will 


feature interlocking access doors and shields for 


optimum salety. 


Future plans 
OCDM 


instrument procurement and develop- 


ates that our charter is rathe1 


] h lovel f 


proceed veiopment ol 
I I 


yutline of the ictivitv in the 


radiologi al 


ment field indi broad; 


more 


research 


nstrument i future, as 
strument 


| quantita- 


tive analysi drinking water. lentification 


‘ | 
particulal 


of harmfu topes is of | concern to cities 


receiving drinking water trom open reservol 


systems. 
OCDM e 
some 245 mullion sury i! nts, a Iike 


] 


f t 
Ol aosimeters, a 


to procure 
number 
uccessory 
items for organized ri al « e. ‘The extent 
ana pt vith Wi l 5 ( im é be imple- 
mented depe1 l 1po! tn na which are made 

number of 
ind dosimete1 


in the next 


1 


important that, training 


programs niormation trom competent sources, 


the organiz liological monitors and the general 
public thoroughly nderstand the | 
fallout. It is here the h 


against 
make important contributions. 


ird and defense 


alth physicist can 
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Equipment for Self-monitoring 


in a Plutonium Facility 


R 


} 1 
aetected. 


essing plutonium. 
e self-monitoring 
lted in thre 


equipmecl il Ch | ha resul 1 IT) 


instrul { application. 
ol the 
’s PAC-IA; 


-type 


dification 


Combo, instrument; 


and (3) a modification of the NRD Instrument Com- 
pany *s CRM-560 Count Rate Meter. 


As all of the work with plutonium in dry 


boxe 5, a compact lightweight instrument iS needed 


lry-box worker. ‘This instrument should be 


1 1 ] 
e enougn to de easily Move 


portabl d from one location 


to another. Fig. | illustrates the PAC-1A. as modified 


is application. 
PI 
| air proportional probe with t 
I | 
: 


a Mountit @ brat ke ts 


are placed at st 
n the working a 
-operated. PAC-] 
to these 
instrument on 
The operator checks | hands whenever 
dry-box gloves 
a phon 
meter 1 
ensitive hort enough to 
an easily seen deflection f{ ach count. 


instrument 1S licht enoue move over 


r surfaces, but lication Is 


moulr 
of the PAC-1A provides early detec- 
contamination caused by defective dry-box 


ird owing to the rigidly probe. 


mt use 


[hese instruments are provided on the basis of 


ately one instrument pe! production oper- 
\n estimated modification cost of ten dollars 


brac kets. 
PAC-1A, a more versatile 


trument includes several extra 
Ss pplement tne 


ument named Combo was developed (Fig. 3 


Comb« a mobile, battery-powered instrument 


which utilizes two air-proportional probes, one for 


use In monitoring hands and clothing, the other for 


monitoring shoe covers. 
; ; 
(he electronic components of tl Combo are 
a waist-high cabinet with 


devices d 


housed in operating 
controls and readout ispla ed on a slope- 


t enc los ire 


In addition, 
Health 


Ove rsize 


at the top ol the cabinet. 


cabinet provides storage facilities for 
Physics equipment in the process area \ 
cabinet was chosen for Combo not only to provide 
but a because of its conspicuous and 

arance. The instrument itself is a 


] 


operator to stop and check himself. 


basic electronics of the Combo were salvaged 
Pee Wee (Nuclear-Chicago, Model 

an additional circuit providing readout from a 

speaker and a light as well as a count-r: 

[he light, 


Separate amplifiers are used for each detector 


meter, 
flashing with each count, is useful in noisy 
areas. 
with a spring-loaded toggle switch provided on the 
face of the enclosure to select the detector to be used. 
Ihe switch must be held depressed to activate the 


The hand 


detector used for shoe-cover monitoring. 


a 
~ 


t+. Hand monitor CRM-560. 


NOTES 


and foot probes a1 


wnid 
avolia 


on separate circuits primarily to 


foot-probe background to hand 


monitoring 


used for monitoring hands, 


ulable tector, is 


air-proportional de 


on the op rating panel of 


is attached to the instrument 


sed for clothing 


ocess area permits 


iir-proportional probe as a detector. 
| | ] 


The detector 
Mylar coated 
Mylar is 


entrance window 
both vith aluminum. 


11 . °,° 
smootniy r the sensitive 
probe i 


which 


The Role of the Health Physicist in a 


University 


Ol 


lhe 


NOTES 


appointed by the President and is composed of the 
Vice President, Superintendent of the Physical Plant 
Director of Radiation ‘Therapy as well as a 


Service may be divided 


1 the prevention of diseas« and the 
number of University professors. ‘This Committee is 
harged with insuring that there is compliance with 
eculations of the AEC, the State Board of Health, 
and the University health physics program. Func- 
tioning as a service organization, however, the health 
physics philosophy has been to offer service, advice 
and assistance to all radiation project directors; this 
approach has been found successful in creating a 
general feeling that the health physicist is one who 


‘assists’? rather than one who “‘enforces’”’ and “‘regu- 


yportion to lates’. ‘The health physicist is someone who is called 


fits pro- on for assistance in providing a safe project rather 
than one who is avoided for fear of revealing poor 

il environment laboratory techniques or inadequate facilities. It is 
iversity, it wi important that the health physicists establish 
Environment: rapport with all who work on or direct projects 
Health involving the use of radiation emitters. It is also 

ld of food important that a good working relationship be 
established with many departments of the University 

including the Purchasing Department, the Physical 


Plant and the research co-ordinator.? 


\t the University of Minnesota, the health physi- 
| 


cists assist prospective isotope users with the comple- 
tion of their application for a by-product material 
license. This may be the first contact between the 
project director and the health physicists. It is at this 

me that a review will be made of the laboratory 
facilities in which the radioactive materials are to be 
used. As a result of requests by a number of depart- 
ment heads for assistance in the design of appropriate 
isotope laboratories, the health physicists have made 
this service a basic part of the program. It is desirable, 
when new buildings are constructed, that considera- 
tion be given to the establishment of a central isotope 
laboratory to be used by all who do radiation 
research within that department. A number of such 


sician’ th laboratories have been designed by the health 


ilt of exposure Z physicists with the co-opt ration of other specialists in 


a leukopeni the Division of Environmental Health and Safety. A 
complete laboratory can be designed by this health 

am which will insure consideration of all factors of 

ironment as they relate to safe laboratory 


i environment il 
he exchange olf he health physicist is concerned with the safe use, 
information in tl ublic health storage and disposal of the radioactive materials to 
problem.! prevent personal injury and area contamination. 
Health physics as a function niversity Health Che industrial health engineer, however, will evaluate 
Service implies atl han a police type the plan from the standpoint of proper local and 
surveillance ove is radiation emitters. Serving general ventilation as well as industrial health aspects 
an advisory Service health of laboratory operation. The public health engineer, 
Radiation through his knowledge of water supply and wast hand- 


committee is ling, provides the information needed to determine 


NOTES 221 


dilution factors likely to be available for the 
dilution of short half-life radioisotopes in the sewage 
stream. The safety engineer, another member of the 


team, might provide specifications for monorail 
cranes for the movement of lead shielding containers, 
and suggest procedures for fire safety and safe hand- 
ling of toxic solvent materials. ‘These specialists work 
together toward a complete design giving considera- 
tion to all aspects of the environment eliminating 
delays required by lengthy memoranda and other 
interdepartmental communication. 

When the licensee has received his license approval, 
the health physicist is notified of this approval by the 
State Board of Health. 


active material is placed, the licensee forwards the 


When an order for radio- 
purchase requisitions to the health physicist for 
approval. ‘The requisition states that the isotope will 
be delivered to the Health Service where it is logged 
in, surveyed, and checked for condition on arrival; 
it is then delivered promptly to the licensee. 


By the time the licensee is ready to use tl 


1e radio- 
isotope in his research project, he will have at least 
four contacts with the health physicist. If his project 
involves the use of hazardous materials in addition to 
radiation emitters, he will also be contacted by other 
members of the environmental health team. 

Each specialist, being informed on the important 
aspects of environmental health through his close 
association with the activities of other members, can 
be instrumental in bringing about surveys or con- 
sultations by other members of the environmental 
health team. It is this close working relationship that 
insures more complete environmental health service 
than could be possible through unco-ordinated in- 
dividual efforts. ‘The health physicist who operates 


out of the physics or chemistry department, for 
cannot experience the advantages afforded 


Che 


has 


example, 
a group interested in the total environment. 
Health & Safety 
review all 


Division of Environmental 


recently been allowed to requests for 


University research grants. This affords each member 


an insight into proposed which may 


health 


projec ts 


present problems related to their 
field.® 
\nother 


physics program is personnel monitoring. 


special 


integral part of the University health 


Personnel 
monitoring devices are provided to assist the health 


physicist in evaluating external exposure hazards. 


Exposure records are kept and forwarded to depart- 


ment heads or project directors with a letter of inter- 
pretation by the health physicist. 

Radioactive waste, other than small quantities of 
short half-lived isotopes, are collected in approved, 
These 


liners allowing the 


containers 
health 


well marked, metal containers. 


have removable plastic 


physicist to collect all such waste with no contamina- 
tion hazard to the laboratory occupants or to himself. 
Records are kept of all radioactive waste, whether the 
waste be contained in paper, research animals, or in 
Chese 


compliance with the Health Service’s 


toxic solvent materials. records are kept in 
\EC Waste 
Disposal License, which transiers the waste isotope 
from the user to the Health Service. 

Approximately seventy laboratories on the Univer- 
sity campus use a wide variety of radioisotopes for 
research. ‘These are not used in large quantities; 
however, the variety of projects and the diversity of 
activities present interesting and challenging prob- 
these 


lems for the health physicists. In most of 


the external 


the 


from 
the 


laboratories, danger excessive 


exposure does not exist danger lies in 
possibility of spread of contamination within the 
laboratory or even within a specific department. 

X-ray machines used for therapy, diagnosis and 
research are inspected and surveyed routinely by a 
health physicist to insure safety for the physician, the 
technician and the patient. Plans for X-ray installa- 
tions are reviewed to provide safe initial installation 
and to minimize subsequent problems. 

Handling spills and other emergencies involving 
the loss or release of radioisotopes is another import- 
ant part of the health physicist’s work on the Univer- 


W rec king 
pac ks, 


sity campus. tools, air line respirators, 


self-sustaining ait and a wide variety of 


radiation survey instruments are available for all 


campus radiation projects through the services of the 
Che complete removal 


radiation prot clion program. 


of contaminated including 


the 


laboratory equipment 


walls and floors has been accomplished by 


health physics staff of the Division of Environmental 
Health and Safety. 

Che following is one example of an emergency that 
the health physicist was asked to handle recently. 
Inadvertently, a shipment of radiophosphorus tagged 
Di-isopropyl Flurophosphate was shipped directly to 
a licensee. When the shipment was opened, the user 
noted that a vial containing 100 ml of the chemical 
had broken insid« 
is a nerve vas SO lethal that only very small quantities 
skin will cause death. The 
call from the 


He and the 


engineer proce eded to the laboratory 


its glass container. ‘This chemical 


of it in contact with the 
received 


bing the 


health physicist prompt 


project director descri incident. 
industrial health 
material by 
the 


Interstate 


vhere they inactivated the proper 


removed radio- 


Che 


Commerce Commission was notified of the extreme 


chemical neutralization, and 


active remains for proper disposal. 


danger of shipping lethal material in improperly 
labeled and completely inadequate containers. The 


central receiving and pre-delivery check of shipments 
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ward and necessitated immediate surveys of a number 
of Hospital areas including the laundry, incinerators 
and waste collection areas. This was accomplished 
simultaneously by members of the environmental 

1. These surveys indicated that the source 


in these locations, and consequently presented 


rarda to Hospital employec 5. The I umiliarity of 


iblic he alth engineer | h tl ew age system 


a stilling 


Health, and con- 
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adiation Hazard Control. 
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medical students, hospital administrators, public 
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Tongs Used in Testing for Radioactive smear paper will not drop through the ring when the 


Contamination paper is clamped between the ring and insert. The 


outer surface of the ring is angled to prevent its contact 


l 


[HE principal! hazard of smear-testing fo1 radioactive with the area to be smeared. Good surface contact 
I I 


contamination is that some of the contaminating between the paper and the area is provided by a felt 


material may get on the hands of the person making pad or blotter paper glued to the lower 


the test. Che device illustrated (Figs. | and 2) con- isert, which extends below thx ring. Coating the 


siderably reduces this possibility by making it un- tongs with strippable paint aids in decontamination, 


necessary for the hands to come near the area to be if necessary. 
tested. G. Hosss 
Ordinary laboratory tongs have been modified 


attaching a ring and an insert at the end. ‘Th 


faces of the ring and insert are angled slightly 
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The balance of the discussion that evening became 


energy work 
young §s udents a question and answer session concerning radiation 
fair projects protection. ‘The science-fair student left to write up 
literature his project with a heavy emphasis on radiation 


d outlines protection and without his cat leash. 


t 


an advisor to 


vhich he could Schenectady, Neu } rh 


General Electric Compan) »» R. HaARrRIs 


of Making a 
mW some 
Detecting 
equests 1t was 
ti usIng low- 
for the student’s 
| ' . . 

of the students Steam-Detergent Decontamination 

that he could 
The detection instruments Gun 


ilibrated sources of ex- 
From many tests and much field experience at Chalk 


River has emerged a strong belief that high-pressure 
steam mixed with selected detergents is a powerful de- 
contamination aid. As with most methods, this 


During the course ol the 


ger counters was set next 
lers and immedi- 
a rather strong 
r turned out approach to decontamination does not have universal 
l'ygon tubing (see application, but it has been found to have a very wide 
was coated with range of usefulness. Many objects which are nor- 
) When coiled, mally wiped or scrubbed clean can be dealt with in 


tubing was less time and, usually, with at least comparable 


passageway results. 


Experience showed that the shape of the nozzle 
through which the mixture was ejected greatly 
influenced the measure of success obtainable by the 

hat was 1 this technique. A flat nozzle with a very thin 


existed orifice was found to be most effective. Close applica- 
rm ota tion of the nozzle to the surfac e be Ing ¢ leaned gave an 

effect which can best be compared to a razor blade 
ilation and ingestion being passed over face stubble. 


f a 17] ai 
imlly VOouId have pecn » . 
Seances dns tuliade Chi Che unit is designed to function in the following 
ad iroug! ubding, 11S P + 9 
for manner: a high-pressure (at about 90 lb/in*, gauge 
o! . E 

steam supply is drawn from one of the many supply 


points which are available at the Chalk River plant; 


some of the steam serves to pressurize a tank which is 


the 


iutoradiographs of filled with a detergent solution; the detergent 
exposed for 4 hr — solution is fed slowly into the main steam stream by 


means of a mixing valve. ‘The mixture passes through 
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G. 1. Daylight photo of guide rope. 


\utophotograph showing glow characteristics of rope and also 


showing the migration t ndency of the fluorescent powder. 
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a light flexible steam hose and discharges through a_ and floors; the ¢ gun with 
gun with a flat, narrow orifice. The operation of the intended for use in long-rang« 


unit is controlled by a 6-V electrical system. The r 
. [his equipment has been used suc 
detergent flow is approximately 4 gal/hr. i 


occasions. One instance was the deconta 


hree types of guns are shown in Fig. |. have drained fuel-rod storag ays. nothe 
I ty] f I I lL. AMI 1 1 st | \ 


the characteristic flat orifice with a nozzle opening of cleaning a series of heavily contamn 


0.015in. The pistol-type gun is intended for de-  mechi al parts from a re: loop 


contamination work carried out at close quarters or 
in fume hoods; the T-shaped gun with two hand 


grips is intended for decontamination work on walls Onta 
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luminous 


the Forum Committee and include the criticisms 
and suggestions produced by the Committee *s initial 


view meeting ol March 17. 


In a letter to AEC Acting Director of Regulation 

HAROLD L. Price. the Forum’s Committee Chairman, 
W. K. Davis, indicated that members of tl 

group believe tl by the AEC 
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\l C’s proposea 


oposet 
I 


expe rimenit 


different s 
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includes four example 
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inate this possibility, 
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from the reactor to the 


distance “ol 


t 14 times the distance 
outer boundary of the low population zone” on the 


evision of the premise that it is without technological basis. Ihe 
recommended that tl concept be 


group named Committee 
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radiation limit 


replaced by a 


man-rem exposurt 
a function of population distribution 
and densit In its letter to the AEC the 
\EC or Federal Radiation Council 
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could be 
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projects in other nations. 
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State Office of 
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yet to be 
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for a nuclear service center. center will be 


selected. 
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operated by a private contractor 


OLIVER TOWNSEND, director of the Office of 
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Development, reported hat 


four interest In operating 


It has been estimated that the 


center may ! ly provide employment for 2000 
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persons depending on the extent to which industry 


e of the facilities. Industrial operations 


1y include the reprocessing of nuclear 


research activities. 
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of using nuclear explosives for peaceful purposes, is 
proposed as an excavation experiment in the Ogo- 
toruk Creek area. 
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and animal life in the area. nformation, when 


related to the effects data from 
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Test Site and the Proving 


biological effects ol conduc 
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Environmental 


the possibl 
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SIXTH ANNUAL MEETING OF THE 
HEALTH PHYSICS SOCIETY 


Abstracts and titles of papers presented at the meeting 


Mod { people engaged in the practice of health physics, and mor 
\"\ . , ! ommission, people in this room, knew her personally than any othet 
\\ t I .ealth physicist. That this is so is a testimony not only to 
I hievements and her educational effective- 

Dedication to Dr. Elda E. Anderson. \ LIN s, but also to her sincerely friendly personality 
Pre ent, Health Physics So Che greatest tribute that we can render to her aspir- 


S ations, and in her memory, is in the standards we maintain 
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and the imagination we display in the practice of health 
physics, and also in the effectiveness of our efforts to make 
this Society, to which Andy was so devoted, an increas- 
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Existing training programs. \\. D. CLavs, 
Atomic Energy Commission, Washington, D.C. 


Needs in government. F. J. Weber, Division 
Radiological Health, Department of Health, Education 
and Welfare, Washington, D.( 


Needs in industry. E. C. Barnes, Westinghouse 
Electric Corporation, Pittsburgh, Pa. 


Needs in medicine. \W. SEAMAN, Columbia Presb 
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Objectives of academic training programs. 
E1sENBUD, New York U1 sity Medical Center, Nev 
York, N.Y. 


International aspects of health physics training. 
M. Suzvuxt, International Atomic Energy Agency 


Certification standards. | IWAN, Brookhave 
National Laboratory, | pton, j 


Professional status for the health physicist. \\ 
CLA _ U.S. Atomic Energy Commission, Washing 
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7 lin th 
ountereda in thn 


wr, thei 


Health physics considerations in the design of the 
5 BeV 


Argonne 172.! 
\ WHEI 
Lemont, Illino 
The Argonn 
accelerating som 10% 
of 12.5 BeV is d to ll 
During the 
Salet 


zero gradient 
\rgc 


synchrotron. 
National Lab 


R nine ratory, 


Gradient Synchrotron capable 
protons per pulse to an 
itiate operation in 
pian! y tag this facility. 
cooperatl 


arious design 


corporat vg ( remote 
features 


Mass 


Radiation and contamination control improvements 


for a plutonium processing plant. \V. L. Marrer, 


Safety performance testing for sealed radioisotope 
sources and devices. I. ( \EBERSOLD and J. W. 


Hi U.S.A 
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, , , 
largely those 


are not nec 
source 
the \E(¢ 
placed u 


logica 


Progr: 


Control of contamination in high level caves at the 
Savannah River Laboratory. 


lu Pont ¢« Nen 


R. C. Crarr. E. ] 


Hazards associated with liquid hydrogen bubble 


chambers. \. A. WEINTRA i M VEIN IN 


Experience with an ionization chamber pulse reader 
at Hanford. | Raism ( ral | ric ( 
Hanford \ rod Operatior R 
Wasl 


Radiological development within 
Radiation Protection program. 
(se Hantors 


the Hanford 
M 


neral Electric Compar 
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uncertainties which will result if these arrays are used to 
an’s normal K content, without administer- 


ng tracer quality of K*, are given. 


Natural environmental radiation measurements in 
New York State. W. M. Lowber and A. SHAMBON, 
U.S. Atomic Energy Commission, New York City. 


During 1960, measurements were made of the penetrat- 
ing component of outdoor natural radiation in the New 
York City metropolitan area and forty-one communities 

the State, using portable scintillation 

l. air-filled ionization chambers. Most 

id within the range 14 uwr/hr observed 
Calibration of a Fission Gas Monitor. \\ A) arli 3 ys as typical of the eastern United States, 
R. F. S EN, Lev Leses , National wi ndications of trends in particular areas. The data 
arized, with particular reference to the often 

elationship between natural radiation and geo- 

structure and to the continuing study of the 
orrelation between natural radiation and the 


congenital malformations in New York State 


Fallout strontium-90 in the human environment. 
\. R. Scnutert, Lamont Geological Observatory, 
Columbia University, Palisades, New York. 


and assessment of strontium-90 in the 
from around the world as well as milk, 
ind other biological samples from more 

} 


MPC I L 4 hay been carried out at the Lamont 


ght und are being con- 


. . . . r *,* ; } , n 1 ] > . ‘ 
adiation safety considerations for subcritical lea at t present fiscal year, i.e. 1 July, 


reactors. R. W. ( c W. R. Kn Kansas ] S01 my] have been obtained regularly from 
- [ e! went ( ons an poradically from fifteen others 
presenting every continent. I'welve 


en collected and analyz d, most as single 


although the majority of the adult bones 
have been combined with others of 
locations. In addition, about three 

] 


m tematically selected sites 


ry] { 
pies | 


th several hundred othe 


ow give an adequate assessment of the 


yn from bomb tests to date and thus, a basis 
rv tuture atmosphe ric contamination trom 
causes. Since there has been no 

since the fall of 1958, it is now found 

o earlier predictions, the strontium-90 
diet, for the western culture at least, 


i reduced from the peak values of 1959. 

An experimental evaluation of multiple crystal ' , adult bones, which are still far from equilibrium 

arrays and single crystal techniques. ( vith their diet, will continue to rise in concentration. 
M \ I 


Nat : Labora Li mit, critical children’s bones, which reach concentra- 


veral times that in the Its, have leveled off and 


the decline. 
evidence indicates that this decline may be 
d for the individual on a milk diet (i.e. western 


it is for the non-milk diet (i.e. Asian culture 


Sampling networks for radioactivity in air. R. H. 
Gorke, J. G. Bamey and A. P. Z1zos, Division of 
Radiological Health, Public Health Service. 


The Federal Government is conducting many radiation 
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sampling programs to measure the levels of radioactivity 


in our environment. Measurements of radioactivity in 
air are of importance since such programs act as “‘alert”’ 


The 


operated by the Public 


will be concerned with those 
Health Service, Atomic Energy 
Force, Naval Research Laboratory 


the Weather Bureau. 


systems. discussion 


Commission, Air and 


A discussion of each network will include such topics 
as locations of air sampled, sampling procedures, limits of 
overall and methods for 


accuracy, instrumentation 


reporting results. 


Correlation of uranium a surface contamination, 
air-borne concentrations and urinary excretion 
rates. N. B. Scuuttz, B. F. Surnn and A. F. 

Carbide Nuclear Oak 


| ennessee. 


BECHER, 


Union Company, Ridge, 


In this report are presented statistical evaluations of 
field work 


air-borne uranium concentrations and the 


such data as surface x-contamination levels, 


results of bio- 


assay analyses. These data were routinely recorded during 


the operation of a uranium hexafluoride feed manufactur- 


ing facility 


by the ORGDP wherein personnel are subject 
both soluble | 


to relatively low concentrations of and in- 


soluble normal uranium compounds. ‘The study covers a 


two-year period during which time approximately 500 


spot-ailr samy les, 4000 shift-length air samples and 700 


urine specimens were collected. 
Statistical analyses of these data showed no significant 


correlation between either the short-term or long-term 


air-borne uranium concentrations, and the employees’ 


urinary excretion rates. However, 


variables introduced by actual field conditions as contrasted 


despite the many 


with a controlled laboratory study, there was a statistically 


significant, positive correlation between the average 


uranium «a-surface activity and the average urinary 


individuals routinely assigned to the 


\ similar relationship is also evident in the 


excretion rate for the 
feed plant. 


comparable data obtained during an 18-month period 


nvolving personnel working in an area having low levels 
of soluble air-borne uranium in a sampling facility hand- 
ling UF, enriched in the U?* 

} 


» and insoluble 


Isotope and er ployees 


uranium compounds 
of enrichment in the equipment 
cleaning fa 

Che relationship shown may thus provid 

hod for 


method estimating the potential exposure 


of employees assigned routinely to 


yperations 


varying concentrations of uranium < IM pe unds are 
Uh ranium irface contamination ley 

an accurac¢ 
order of magnitud he predicte 


personnel exposurt 


contamination 
Office of 


The post-nuclear attack water 
problem. W. J. Lacy and M. J. 
Civil Defense Mobilization 


OTANGLER, 


Increased attention has been focused on the post- 


because Of an increasing concern over 


attack problems 


National security by individuals and various governmental 


is laborious 


final comprehensive ¢ 


method for « 
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knowledge of the 
to fallout from nuclear weapons. 


agencies, together with an increased 
’ 


potential hazards due 
[he estimation of the probable levels of contamination 


to be | 


expected in public water supplies is one of the 


Under 


great a hazard as the 


problems considered. fallout conditions contami- 
external 
Water which a 


able to get out of his water 


nated water is not as 


may receive simultaneously. 


Vv-cosage one 


tap will 


may be | 


householder 
in all likelihood, if from a surface source, 


This 


levels, 


be contaminated. 


discusses contamination conditions, fallout 


paper 


internal dose criteria, water contamination produc- 


ing particular doses to the lower large intestine and the 


early radioiodine ingestion problem. 


Calculations indicate that the problem of a fallout- 


contaminated water supply will not be severe in most 


cases. Radioiodine concentration by the thyroid and the 


resultant exposure is more serious the first 100 days after 


attack than the dose to the bone. However, the radiation 
exposures are such that they and the water supply hazard 


should not ignored. Radiation detection instruments 


to measure the radiation from the water 


he degree of contamination present. 


An evaluation of the health physics problems from 
thorium and its daughters in a thorium purifica- 
tion and fabrication process. C. M. West, Oak 


Ridge National Laboratory, Oak Ridge, Tennessee. 


An adequate evaluation of the health physics problems 
| 


associated with thorium processing considerably comp- 


licated by the presence of the short-lived thorium daughte1 


products from the decay chain. This complication was 


noted during extensive health physi Ss coverage ol activities 
] 


which involved purification and fabrication of thorium 


metal. This process, including such steps as arc melting, 


machining, rolling, hammering, and hydro-forming, was 


monitored by analyses of air, smear, process materials, and 


direct measurements. It was found necessary 


to give special attention to the eflects of the daughters in 


the thorium series in the interpretation of potential health 


hazard Chis was done by a- and y-spectrometry and 


addition to the tradit 


chemical analyses in ional methods 


lpha counting. Jp y-spectrum measure- 


on persons invoivead nm the process. 
tive Gata are reported 


original 


o isotopes other than 


thorium, 
ning operation indicate that YO pet 


on a sample counted two hours after 


to Rn**° daughter It concluded 


valuation of the health physics situation 


traditional counting method of analyses 


time ]| before a 


onclusior 


‘counting appears to be the best available 


) 
2) In 


stimating the lung burden of personnel 


exposed to insoluble compounds of thorium 


}) Daughter product activity may, wu 


he limiting potential exposure cond 
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\BS TRAC 


Radiological protective apparel program at Han- 
Hanford \tomi Products 


ford. | ( M 
() ! R , 
wi cn protecti ¢ 

and choice 


elec on 


inade- 


Criteria for appropriate establishment of removable 
radicactive surface contamination limits. (;. \\ 


‘ \ ( I 


Quantitative measurements of some y-ray emitting 
radionuclides in nuclear industrial workers by 
Whole Body Counting techniques. I. SwANBErR 


| \ Pr Operat 


} H \ Richlane 


Problems and methods of determining zinc-65 in 
H. E. PALM nd Hanford 


)pel I ul ashington 


humans. 


\ ( rl ( ( 
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the | luring the next 200 days. Because of the 

distribution it is impossible to calibrate ac- 
curately the Zn®*, A scanning 
method is described which is much less dependent on the 


This method 


inclined chair method for 


isotope distribution than the chair method. 
emitting 


the 
bod, is 


for measuring all gamma isotopes 


good 


the body. 


isotope in 


Zn® in 


scanning 


regardless of the position of 


[} 
i¢ 
n 


dis uSss¢ d 


and distribution of the 


retention 
Further applications of the counter 


o described 


are ais 


The Whole Body Counting of persons involved in 
SL-1 reactor criticality incident of 3 January, 
loom. LL. kL J. I. ANDERSON and A. HARBERT- 

S.A.E.C., Health and Safety Division, National 


st Station, Idaho Falls, Idaho 


SKOLIL, 
son, | 
Reactor ‘T¢ 


persons who were involved in operations 
SL-1l reactor 


he National Reactor 
Whole dy 


1 body 


criticality incident (3 January, 
Testing Station, are being 
lodine-131 
Cesium-137 

] 


1lodine 
lodine-131 


exceed 1 um 


the Counter was 


he chief initia burden. 


in most of these persons afte1 was 


he maximum body burden for 
observed did 
cesium 


rates otf 1o0d1n 


n whole-body 

The Whole Body Counting of persons involved in 
silver-110 incident at the National Reactor Test 
Station. L. L. Sxoum, J. I. ANpERsON and A. Har- 

U.S.A.E.( Health and Division, 

lest Station, Idaho Falls, Idaho. 


TSON. Satety 


BEI 
National 


tol 


> 
Reac 
persons who received body burdens of silver- 

activity at the ETR reactor 
Station on 7 January, 


burden in 


Over hity 
110 resulting from air-borne 
National 


being studied 


Reactor ‘Testing 


Phe 


maximum body 
was less than 0.5 we. During clean-up operations 
An effective half-life 


s was determined for some of those receiving 


1961, are 


all cases 


re-exposure did occur ol approxi- 


mately 8 day 
sufficient body burden for decay studies. Analvsis o 
and fecal samples indicate that the elimination 
] 


fecal extractions. 


R. G THomas, Lovelace 


New Mexico 


Chairman: 


Albuquerque, 


In vivo y-spectrometry for inhalations of cobalt-60, 
neptunium-237- protoactinium-233, and zirconium 
95-niobium-95. R. E. Coriretp, Y-12 Plant, Union 
Carbide Nuclear ( ompany, Jak Ridge, Tennessee. 


Techniques, calibrations, and efficiencies are reported 
ent of the amount of three radioisotope 
lungs. ‘The 
Pa**3, and Zr® 
0 y-spectrometry 
thick Nal 
background counting chamber. 
Np*3? in equi- 
0.0014 se ol 


for the measurem 
measurement tech- 


Nb® 


with a 


systems I the human 


nolog inhala- 
tion large 
scintillation detector 


t in 


‘iron room” t' pe low 
detection are 0.00026 uc olf 


Pa233 


limits of 
and 
These levels of detection 


0.0006 ne) ¢ 
Nb*%, 
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are all less than 2 per cent of the amount of the radio- 


under certain circumstances, 
isotopes which would deliver 0.3 rem/week to the lungs plasma 


Data from repetitive measurements on actual inhalatior burden of tr 


10 ritiated water 
cases are presented for Co®® and Zr® Nb?® 


urine o1 
water samples in tl rminati f } 


1, 
bod 


Infant retention studies. (©. P. Srr 
Accidental personnel exposure to elemental sul- Tevctes, Rbt. A. Taft Sanitary 
phur-35. A. R. Maass, T. L. FLANAGAN, D. BLACKBURN Public 
; Y KI; ) rer } ) . é . 
and M. Smytru, Smith, Kline and French Laboratories, ” ; were initiated in July 1960 to determine 
Philadelphia, Pa. 


4 strontium-90, other radionuclides, and stabl 


AUB and 
Engineering 
Health Service, Cincinnati, Ohio 


In March 1960, an employee was contaminated elements in six infants ranging n 7 to 26 weeks in age 
externally and internally following explosion of an ampul They were fed commercially ailable baby foods 


containing | c of elemental S*® in benzene. 


No explana- tun Food, water, and formula int 
j 
| 


carefully 
tion has been found for the explosion, but prec: neasures All excreta (feces and urin« 
taken to prevent a recurrence will be discussed c- disposable diapers < the strontium-90 conter leasured 
contamination of the laboratory was accomplished withou Data have been composited ove veeks and 
ine ident; the procedure will be outlined. l aul petweel ntake used 
Steps were taken to estimate and reduce personal body is for lating retention « 1e speci 
burden. Multiple blood, urine and fecal sampl vert tar terest 
obtained within | hour after the accident ccedural det 
continued for 14 weeks, until no further radi 


could bs detecte radioactivit 

biological half-life of 

urinary radioactivity seened airman ALPEN 
activity were excret within : ly burden was — ahoratory. San Fra 
estimated to be 2 LtlO1 1. J. Dunster, | 


Harwell, E: 


PUQFUA: An IBM-704 FORTRAN code for deter- 
mining plutonium body burden from urine assays. 
J. N. P. LAwrence, Los Alamos Scientific Lal 
Los Alamos, New Mexico 


Studies of surface contamination—I. Intercom- 
parison of methods for measuring “‘removable”’ 
oratory, contamination. G. \V. Royster, |! B. R. Fi 


Ridge Nat 


PUQFUA is an IBM-704 FORTRAN 
written primal! ly Pu2%?, vhicl calcula 


u I Vs t 
irinaly I 


H1AM IOI 


Studies on rates of elimination of tritium-labeled 
water in humans. R. Moore and E. R. Buskir: 
American National Red Cross, Washington, D.( 


lritium-label 


A portable dose rate instrument for measurement 
ed by ie ae of natural background radiation levels. |. | 
| , < ! , 1 RISING niord tomic Products Ops tiol Richland 
exponential terms. These results were used to recalculat RistinG, Hanford A Produc pera Richlar 
the wl bod Washingtor 


aescril 


hole-body radiation exposure due to tritium-labeled 
Results indicated that breath water sample may hich 
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W X-radiation surveys of microwave generators. 
kground has bee W. P. Knox, M. M. Wess and J. D. STRUTHERs, 


a 40 |. ior Bell Telephone Laboratories, Whippany, New Jersey. 


600 portable 
poSta [he demand for more powerful microwave radar and 


ber polarizing- ; 
= poe mmunication systems has created a serious ionizing 


com 
radiation problem for operating and maintenance 
personnel. ‘The hazard arises from the generation of 
X-rays by vacuum tubes operating at potentials above 
[he radiological safety program at Indian Point approximately 15 kV. To determine th magnitude of the 
Station. \\V. F. N ON, ( lidat Edison Cor X-radiation the vicinity of the high powered com- 
r 7 ponents ol > system requires special instrumentation 
and techniques. This paper will discuss the procedures 
making radiation surveys < al microwave 


. 
p 
sites and will present the results of the surveys 
recommendations made for these locations. 
merits of the techniques and instruments 

in these surveys will be examined. 
Improvements in air sampling techniques and 
equipment using membrane filters. K. J. Scu- 
[. M. Atien, S. B. Gerper, G. E. KInsEvia, 
KrupkKa and D. W. Rt y, Argonne National 

oratory, Lemont, Illinois. 


\ir sampling as a tool for evaluation of process and 
entilation control, filter efficiency, etc., is becoming an 
mportant adjunct to he alth protection operations. Mem- 

° ° . bral nite Samples e 4 \ Satiie anc ¢) > - 
Surface contamination measurements as an index rane filter samples provide a versatile and convenient 
° e e Y hod ol lle oOo | ry \ ao } Y a 
of control of radioactive materials. H. |. DuNsre! method of collecting and analyzing such samples, for 


‘ which techniques and equipment have been recently 
{ | | , \ {uly 


Argonne National Laboratory 
tine use of membrane filters has been simplified by 
a very small and inexpensive filter holder, 
some advantages over other available units, 
reduced size and weight, tight sealing against any 
filter material without the twist-lock action which often 
damages membrane filters, and parts exposed to con- 
tamination are expendable. 
Simplified techniques for preparing and counting 
1e filters have been devised for use with gas-flow, 
proportional counters. A combination «-y- 
counter has also been designed and con- 
| for routine radiation monitoring applications. 


Limitations of commercially available instrumen- tructed 


jlications of the method, both in general 


tation for analysis of environmental media. Curret 
I 1 J. Bercer, Pub I tories ¢ n special facilities, described. 


R. | STON R. Bi 
The radiation protection program for a large 
private utility power reactor. J. H. HuGues, 


Dresden Nuclear Power Station, Joliet, Illinois. 
ver-all program for the protection of personnel on 
Nuclear Power Station property and the 
irons from harmful quantities of 
idioactive material contamination 1s a 
programs deve lope 1 at such installations as 
Knolls and Valecitos Laboratories which are 
‘ by the General Electric C« npany. Assistance 
the formulation of this program General Electric 
vas extended as a pi yntractual arrangements for 
construction of the plant. The program was initiated 

tober 1959 by Commonwealth Edison Comp: 


on Protection Engineer 
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The program is subdivided into personnel, plant, and 
Areas of these subdivisions 
Che 


interdependence of the three portions of the program is 


environs monitoring portions. 


are carried on by contracts for specific services. 


borne out by the fact that results obtained thus far confirm 
both the adequacy of the program and that the plant 
performs with the original design criteria. 

Discussion and description of radiation exposure 
experience, plant radiation levels at various power levels 
the 


and shut down, and significant results of 


data for the 


environs 


survey pre-operational period will be 


presented. 


Radiation measurements over simulated plane 
sources. F. J. Davis and P. W. RemnHARpT, Oak 
Ridge National Laboratory, Oak Ridge, Tennessee. 


To simulate an infinite plane source an array was laid 
out with positions at 100-ft intervals in the form of a square 
2000 ft on a side. To facilitate ground measurements a 
smaller square array of 100 positions at 10-ft intervals 
I'wo sets of 
Co®® and Cs!3? 


4.5 me and 15 me, respectively, were available to be 


was placed in the center of the large array. 
sources were used in the array. sources of 
placed in the large array with sources one-hundreth these 
the 
indicated 

Cs!37: 


among 


array. Measurements 3 ft above 
114-136 wr/hr for Co*® 122 


the spread of readings was due to 


values in small 


ground and 
147 wr/hr for 
the 


were made in aircraft at 


variation instruments used. Measurements 


100-ft intervals above the array 
using scintillation counters and a 256-channel scintillation 
spectrometer. 


of Co®®, Cs}37, 


Flights were also made over point sources 
I 


and [!*!, 


Results of the ‘““‘ORPHEE” and ‘“‘“EURIDYCE” experi- 
ment. F. DUHAMEL, J. PRADEL and M. Gras, Commis- 
sariat l’Energie Atomique, Saclay, Paris, France. 


*“ORPHEE?” is a special device designed for the in-pile 
studies of the pollution produced by non-canned uranium. 
““EURIDYCE” is the similar device located outside the 
pile. With the help of these two devices, we the 
production, propagation and deposition of fission products 


as also the efficiency of filters and the decontamination of 


study 


some circults. 
1959 Che 


first results obtained. 


Tests began in communication the 


gives 


A summary of radiation exposures received by 
workers in medical isotope laboratories and X- 
ray departments from 1950-1960. C. K. 
and R. | 


Boston, 


SPALDING 
New England Deaconess Hospital, 
Massachusetts. 


CowInc, 


Exposure to ionizing radiation received by workers in 
isotope and X-ray laboratories over the past ten years has 


amounts Ol 


X-ray 


not appreciably changed even though the 


radioactive material used and the number of films 


taken have increased considerably. 


Data collected after monitoring a total of 1200 persons 


for varying periods of time show that 4 per cent of the 


X-ray personnel experience exposure above 100 mr/week, 


but only 0.5 per cent of the isotope workers receive an 
excess of the tolerance dose. 

Ihe reasons for these exposures have been tabulated 
and present a definite need for education and understand- 
ing of health physics problems by technical personnel in 


both fields. 


Waste Disposal. Chairman: C. P. Srravus, 
Health Research Rbt. A 
Engineering Center, Cincinnati, Ohio 


Radiological 


Activities, Taft Sanitary 


The importance of verifying design, calculations, 
and assumptions with measurements, in a stack 
monitoring field-monitoring hazards control 
program. L. D. VAN VLEcK, General Electric 
pany, Idaho Falls, Idaho 


Com- 


Any stack monitoring field monitoring program depends 
for accuracy on the nearness of design calculations and 
Several de- 

stack rates, 
coupled with erroneous assumptions for the 


their true values. serious 


assumptions to 


partures from design conditions in flow 

collection 
efficiencies of high efficiency filter papers, and for the line 
loss parameters combine to introduce errors amounting to 


a factor of 5 in the determination of the gross fission 


produce stack release rate. The error for certain specific 
isotopes may be as high as a factor of 16-20. The assump- 
tion that the Sutton diffusion equation is adequate to 
describe the dispersion ol radioactive material I the 


atmosphere appears generally sound and conservative 


Calculation of the effective height of a plume. 
M. LeQuinio, 
Saclay, Paris, France. 


Commissariat |’Energic \tomique, 


Various theories allow to estimate the actual height ofa 


radioactive plume of a stack. Application of these 


various 
theories to some particular cases gives very versihied 
heights. Studies 


way of calculation. 


have been made to look for a bette: 
hese are studies which are explained 


in this communication. 


Health physics consideration for the disposal of 
non-enriched uranium chips by burning. M 
SANDERS, Y-12 Plant, Union Carbide Nuclear Company, 
Oak Ridge, 


Tennessee. 


A safe and economical means of reducing a radioactive, 


pyrophoric material to a non-pyrophoric st: an be 


burning of non-enriched uranium metal 


pit, used for « of the 
without a 


act omplishe d by 


ombustion 


chips in an open pit. The 


les excellent long-term storage 


material, provi 


series of tests were con- 


significant health problem. A 
with 


atmospheric conditions 


ducted in an isolated area quantities of uranium 


during different to determine the 


contribution of the operation to vels of air-borne 


contamination. 


Strategically located high volume air reveal 


monitors 
that the disposal of non-enriched uranium metal chips by 


controlled burning in an isolated area would be an 


acceptable practice and well within the limit as stipulated 


by the National Committee on Radiation Protection 
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Routine measurements of ground water velocity Mineral reactions—a new waste decontamination 


using sulfur-35. \\V. Il. M \tomic Energ process. j. F. Honsreap, L. L. Ames and J. L. Nevson, 
( I ( . ! I Hantord \tomu Products Operation, Richland, 
Wash 


to permit decay is 
processes. The 
ontrolling, and 

the health 

certain m erals promise 
exposed to radiation and 


4 progress in mineral 


mineral 

ground 

r mineral 

aqueous wastes 

a radioactive 

Columbia River continuous monitoring system. a ( ent on a mineral y having a particula 


eA \1 HI \ | (e) 


cesium 
ural zeolite clinoptil- 
Ives the 

iorm as a 
through 
mineral 

DY being 

re plac ement ol 
mineral 
results in 
radioisotopes 
and the 


reactions 


to Hanford 

are presented 

tudies with sample f neutralized 

yptilolite nel ’ liminar\ 
pacities and possib Ni incor- 


Sodium attapulgite clay ; radioactive waste , ‘ 
2 ions into other fixation schemes 


1In¢ ral reactior ; sho \ considera 


1 , 
] 


disposal agent. |. S .. H. Hor ,and R. ] bl 


kK. ( ! | : . 
immobilizing radioisotopes from 

] 1 
iO not represent a panacea lor all 
an addition to the array 


aste decontamination 


Cesium exchange properties of vermiculite. D. G 


JACO Oak Ridge National Laboratory, Oak Ridge, 


decontaminate 
at ORNL, there is 
control of the effluent 
lischarged to the pits. 
is regarded as an 
method for waste 
purpose the cesium hange properties of 
grades of commercially available vermiculite were 
igated and compared to other natural ion-exchange 


als. The distribution factors (A,) obtained for the 
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ORNL intermed 1 solid lat < associated w 
as those obt 1ed h Huent activity; and the applicati n ot 


for second-stage 


Ol primary <¢ 


” Capal 


ORNI 


Processing by resins of radioactive liquid efluents 


of intermediate level. MM. Co 


explained 


Significant results in low-level waste treatment 
Oak Ridge National Laboratory. 
Oak Ridge National Laborator at 


‘ h the 0.000 ov 


ORNL ha 


Radiation yield from some bare critical assemblies. 


RX. H. Rive 


approac! 
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Application of phantoms to studies of blood sodium 
A. AuxIER, F. W. SANDERS 
National 


activation by neutrons. | 
id W.S Oak Ridge 


Oak R 


SNYDER, Laboratory, 


lennessec 


human body by neutron 


ion of Na** in the 


mportant part ol a system ol monitoring 
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f sodium activation 
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Some convenient representations for fission neutron 
distributions in air. R. L. Frencu, Convair. Fort 
Worth, Texas 
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A comparison of some recent calculations of neutron 


transport inair. M. b. W: Convair, Fort Worth, 
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to determine the transport of 3- and 14-MeV neutrons in 
air and air-ground are compared and the differences 
between these computations are discussed. 

\ir-transport calculations were performed by WELLs, 
who used the neutron cross sections given by BIGGERs as 
cross section input data. WELLS’ results are found to be 
in good agreement with BiGGErs’ air—ground calculations, 
but disagree with MeEnv’s calculations for air only. 

Monte Carlo calculations of the transport of neutrons 
from a point isotropic fission source in air, as made by 
WELLs, are compared with obtained from a 
moments-method calculation, performed by D. SpreLBERG 
at the Nuclear Development Corporation of America. 
Ihe differences between these calculations are discussed. 


results 


An X-ray source for energy dependence studies in 
the 10-100 keV range. R. SANNA and A. SHAMBON, 
Health and Safety Laboratory, U.S. Atomic Energy 
Commission, New York City. 


An X-ray facility has been established for the purpose 
of determining the degree of energy dependence of radia- 
tion instrumentation which has been previously calibrated 
with cobalt-60 and radium sources. Of special interest 
is the response of environmental radiation survey instru- 
mentation in Secondary X-rays 
from the K shells of copper, cadmium, lead and uranium 
A standard air chamber for the 
the dose rate at 


the low energy region. 
are utilized for this work. 
the absolute value of 
All the equipment, with the exception 


determination of 
points of interest. 
of a standard air chamber, is commercially available. 

measurements indicate that the secondary 
Calibrations 


Preliminary 
beam is of the expected energy and purity. 
of the K sources and energy dependence studies of existing 
instrumentation have been obtained. 

Scattered radiation from large cobalt-60 calibrating 
L. CostrreLt and H. O. Wycxorr, National 
Standards, Washington, D.C. (L. S. Taylor 


presenting paper 


sources. 
Bureau of 


Radiation beams from multicurie cobalt-60 sources are 
widely used for instrument calibration and for radiation 
is often assumed that such beams contain 
53 Me\ However, it is 


this assumption is 


treatment. It 
only the 1.17 
recognized 


of the 


and 1. y-rays. 


that not strictly valid 


becaus« energy degradation due to Compton 


scattering in the source material and the source collimator. 
\ scintillation spectrometer with a 5 in. diameter by 4 in. 
long sodium iodide crystal has been used to determine the 


amount and energy of the scattered radiation as well as 


its variation with source dimensions and _ collimator 


Since the use 


geometry sources currently in common 
have appreciable mass, source scattering is a far greater 
contributor of degraded radiation than is the collimator. 


Quantitative data ar¢ presented. 


A developer modification to increase the range of 
dosimeter films. H. M. Cieare and N. H. Kino, 
Eastman Kodak Company, Rochester, New York. 

The 


be increased significantly by a simple modification of 


useful range of photographic dosimeter systems 


ma‘ 
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the deve lope r. Dosimeter films, p! cessed in a developer were CxXpress¢ 1 terms ol mole- ictions I nitrogwe 


to which sugar has been added, show a preferential loss oxygen to nitrous oxide. With a satisfactory y-calibratio1 
in sensitivity at high densities. The sugar lowers the ie t were then exposed 

diffusion rate of the developing solution into the emulsion, ie] ft ‘ to 

thereby producing a local exhaustion effect in high density | 


areas. 


\s an example, the sensitive component of Kodak  configurati 
), processed for t 


Special Personal Monitoring Film, ‘Type 
5 min in Kodak Rapid X-ray Developer containing 200 


of sugar, shows no loss in sensitivity below a net 


density of about 0.3 when compared to 3 min development 


in the same dey but without the sugar. At higher 


densities, th film becomes progressively less sensitive 


than when processed in tl normal develope1 At a 


density of QO, the iln processed in the ‘“‘sugared”’ 


I 
mes less se than whe 


developet 


process | 


A miniature 27 dosimeter. D. E. HEGBER 
Atomic Products Operation, Richland, Washington 
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More specificall I 
experimental finger-ring 
by plut nium metal 
are inexpensive, < i the cost 
The read-out 


heater, an an 


Current developments in the use of nitrous oxide 
in the radiation dosimetry associated with the 
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SIMPSON, kheed Aircraft ( 
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Reduction of radioactivity in milk. R. \ ARTER, is also very sensitive and allows to 


\\ \ W and R. H. FETNeE: Engineer 


oO lechnolog, 


out very easily the determination in sea water 


Semi-quantitative relationship of radiation and 
neoplasms in man. \. E. Agcuer and L. Simpson, 
National Cancer Institute, Washington, D.( 

pothesis that a linear relationship exists between 
induction of neoplasms is supported by data fo1 

Under this hypothesis, gram rad dosages to 

yroups ol individuals who have been followed, is used to 
arious neoplastic doses. Infants are shown to 
ore prone to radiation induced neoplasms than adults. 
be conc | that even though there are uncer- 

the data and in the hypothesis, the conservative 


ill utilize these 


Radiological surveillance of total diets in selected 


locations in the United States. H. | An epidemiological study of the effects of micro- 


cA \ \ ( waves on the lens of the eye. M. Zare1 ILEARY 
ind M. Ersensup, Department of Ophthal ! 
ustrial Medicin« New 


New York ¢ 


Dependence of rate of recovery from acute y-ray 
exposure on size of the conditioning dose. J. 5 
D Lo and W. L. Lesrot 


Strontium-90 monitoring at the Savannah River SPA . oe Ae 
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Plane. S. E. ] . R P \ 
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Multivariate analysis and the IBM-704 computer 
Determination of strontium-90 in sea water. H applied to ABCC data on growth of surviving 
( Ener \tomigq Sacla Hiroshima children. |. ©. Neuemias, U.S 
Energy Commission, Washington, D.( 
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nmiussion as part ol a study of long-term effects of the 
bomb upon human beings. ‘These 
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plutonium. |. ‘ STER, Br 
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energies below 0.5 Me\ is 10 per cent 
scattered radiation \ scanning counter 


o described which when used in conjunc- 
shield satisfactory for measuring the 


he shadow shield 
ne could be built in 


taken to 


Health physics in a state health department. 
( EE. R | r - J 


iS Boat Dosir ‘ K. Z. Morcan, Oak 


H ds National Lab ( ak lee, ‘Tennessee 


Some general remarks on radiation dosimetry. 
and R. H. Rrrenim, Oak Ridge National 
Oak Ridge, Tenne 


ful work 
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easuring the 
iterial occupying 
as been 
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over a wide 
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desirable to 
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radiation biology 
it possible to 
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Use of multi-channel analyzers in health physics ays than w availab the time the original 
training. H. F. S } rR, R yasis for 
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Various 


Bragg-Gra\ 
tal amount 
with a more 
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distribution 
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he flexibility 


approaches 


The calorimetric measurement of local absorbed 
dose. S. Laucuiuin, Memorial Center, New York 
( 


thods 


wbed dose 


A shadow shield for whole body counting. \\ 
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dose will then be described. The development of calori- 
meters of relatively large amounts of material in which a 
has been internally isolated will be des- 


small segment 


cribed. The details and operation of calorimeters con- 
structed of polystyrene, conducted polystyrene, and carbon 
will be presented, with description of the specific problems 
in each case. 


and corrections necessary (he application 


of these calorimeters to cobalt y-rays and the comparison 
with extrapolation chamber ionization measurements and 


radiation chemistry measurements are given. 


Pulse counters for y-dosimetry. A. R. Jones, Atomic 
Energy of Canada Ltd., Chalk River, Ontario. 


[he paper discusses the application of pulse counters 
to the measurement of y-doses and dose rates. As examples 
some properties of G-M-Counters and silicon p—n junction 
detectors are described. Electronic techniques for hand- 
ling, displaying and storing the digital information are 


Che 


counters, as compared with more common detectors 


presented. advantages and limitations of pulse 


providing analogue information, are discussed. 


Solid state and luminescence dosimetry. F. H. 
Artrx, U.S. Naval Research Laboratory, Washington, 
D.C. 


Several types ol solid state devices have « merged in the 
field of radiation dosimetry in recent years. 


] ] ! 
Inciuaing Sli 


Che principal 


ones will be described briefly, ver-activated 

CaF ,—Mn, 
luminescence degradation in organics, photoconductivity 
in CdS crystals, 
NRL will be dealt with in 


relating to the CaF, 


glass, thermoluminescence of 


phosphate 


and others Recent developments at 


more detail, partic ularly those 
Mn dosimeter. 


Developments in radiation polymerization dosi- 


metry. F. E. Hoecker, University of Kansas, Law- 


rence, Kansas 


Recent improvements in the dosimetric liquid have 


extended the dose range of the radiation polymerization 


dosimeter from 500 rads (at 50 rads/min ip to the 


previously reported 107 rads. The increased 


has greatly facilitated the study of the properties of the 
liquid in relation to dose 
Studies X-rays, Co®® 


reveal negligible dependence 


rate and energy dependence. 
beams 


Dost 


and electron 
above 200 k\ 


2500 


with y-rays 


energ\ 


rate dependence Is insignihcant above rads/mit 


Data will be presented to show the eflects of dose rate 
de pende nce below 2500 rads/min 

Important characteristics of this dosimetric system in 
relation to irreversibility and sharpness of endpoint, light 
and heat sensitivity in relation to storage, and practical 


earch will be described. 


applications in 1 control and re 
Absorbed dose and local energy density. H. H. 
Rosst, Columbia Uni New York City 
When matter 


absorbed dose 


versity, 


is irradiated with ionizing radiation 


where £ 


must 


is defined as the ratio of E/n 


the energy absorbed im a mass, ™. l n og 


determined for a mass that is sufficiently large so that the 
ratio is representative for the general region in 


resultant 
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the 
a representative value, particularly 
when the absorbed dose is low 
high LET. In this the 
symbol Z and there 
of Z. A detailed 

considerable importance in both radiobiology and radi- 
Methods of 


Z distribution and general considerations pertaining to 


which it is determined. If m is small, ratio may 


frequently not be 


and the radiation is of 


case, ratio is denoted by the 
can be a wide distribution of values 
knowledge of this distribution is of 


ation damage studies. measurements of the 


the distribution will be discussed. 
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Nuclear heat exchanger rockets. R. S. 
Alamos Scientific Laboratory, Los Alamos, 
The 

general view of nuclear heat exchanger powered rockets. 

We shall first describe the 


discussion of the materials, reactor physics, 


Cooper, Los 
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purpose ol this paper is to present a brief but 
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systems analysis and mission study which evaluate th 


performance of nuclear rockets including comparisons 
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radiation are 


with other propulsion systems. inally, some of 
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Radiation safety in the development and use of 
nuclear energy for rocket propulsion. \V. H 
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flyable 


time 
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both measurements and carried 
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I I 
enabled delineation of the problem a and resulted i 
reasonably sound predictions of th tential radiation 
and flying a minimal 


1000 MW of 


hazards of testing performance 


m capable ol producing power tor an 


operating cycle of 5 min 


The actor, although containing more I 
atomic bom could produce a significant nuclear 


not 


explosion under the most drastic accident 


and 


signihicant 
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Prompt neutron y-radiation during operation will 


not deliver exposure to test and launch crews 
1 


ata distan¢ e oll Kx ( idental re le ase ol acc umulated 


pad 


mule 
failure, 
the 
Impact 


fission products during static testing, launch 


or early mission abort would be confined largely to 


controlled area of the launching or testing site. 


outside the controlled area of an operated reactor, either 


as a result of late mission failure or re-entry from orbit. 
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The radiation incident at the Sandia Corporation 
Van de Graaff Facility on 8 November, 1960. 
H. L. Rarricx, G. E. Tucker, Jr., W. D. BurRNeET1 

H. Kincstey., Sandia Corporation. Albuqut r- 
Mexico 
} November. a staff 1 
ctron pea 
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exposure, 
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Medical aspects of accidental exposure to a Van de 
Graaff generator. S. P. Biss, Sandia Corporation 
\lbuquerque, New Mexi 
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Health physics aspects of the SL-1 accident. |. R 
Horan and W. P. Gammiii, Idaho Operations Office 
U.S.A.E.C., Idaho Falls, Idaho 
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ie SL-—1 accident 

Influence of continuing clinical observations on dose 

estimates one year after a radiation accident. 
M. In im, J. W. He ( I HAN 


H. Mer .. AN U1 ! 
Sc} Me 


Analytical problems associated with the SL-1 
accident at the National Reactor Test Site. E. R. 
EBersoLe, Idaho Operations Office, U.S.A.E.C., Idaho 
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